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PEEFACE. 


This book is one of a seties of volumes written by 
Associates of the Royal School of Mines, and edited by 
Prub'saor Robcrfcs-Austcn. It is not a merely elementary 
text-book on the one hand, or an exhaustive treatise 
on the other; nor docs it cover the syllabus of any 
examining board. It is primarily intended for persons 
who are connected witli the manufacture of iron and 
steel, and who may, thoroforo, bo assumed to have already 
some general knowledge of the subjects discussed. At 
the same time, it is hoped that, with the growing im- 
portance of scientific and technical instruction in a modem 
liberal education, such a volume as the present may not 
b('. without interest to others than those for whom it 
was specially prepared. 

Tlio history of the manufacture of iron and steel is 
treated more fully than is usual in metallurgical treatises. 
It was thought that a brief history of the subject would 
not merely bo of considerable educational value, but would 
fuisist the student in learning certain metallurgical facts 
in an interesting manner; and, while showing the steps 
by which modern acluovemonts have boon accomplished, 
would indicate to the would-be inventor some of the paths 
which have boon already travelled. 

'rho portions dealing with foundry practice and with 
the reactions of the puddling furnace have been dealt 
with in greater detail than usual, as the author has paid 
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special attention to these subjects, and has been frequently 
asked to publish his researches in a convenient form. A 
special chapter has also been devoted to the corrosion of 
iron and steel, as this subject is of great importance in 
connection with the permanence of modern structures. 

Numerous references to original sources of information 
have been given throughout the volume, since it is of 
the utmost importance that the student should acquire 
the habit of obtaining for himself further information on 
subjects which can necessarily only be very briefly treated 
in a work which deals with so large a subject. 

In these references a method has been adopted, which,, 
it is hoped, will be convenient to general students, who 
may be assumed, in this instance, to reside chiefly in 
Yorkshire, South Wales, Cumberland, Staffordshire, the 
west of Scotland, and other places remote from the 
libraries of the metropolis or the older universities. It 
has also been assumed that references should be given 
primarily to help the student, and not to divert his atten- 
tion to works or treatises of merely incidental interest. 

For these reasons the Journal of the Iron and Steel 
Institute has been taken, as far as possible, as the 
standard of reference, since this journal not merely holds- 
the leading position in connection with the metallurgy of 
iron and steel, but is widely circulated, and is to be 
found in all the leading provincial libraries. In other 
instances, references have been given to the Journals 
of the Society of Chemical Industry, the Chemical Society , 
and other English publications. From these the student 
will |be able to find at once either the original paper or 
an English abstract, with the necessary details from 
which the original can be traced. References to foreign 
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journals have been omitted as far as possible, although 
the author has himself consulted the originals. 

The illustrations in this volume are reproduced from 
various sources. A considerable number are from photo- 
graphs by the author, others are reproduced, by permission 
of the Council, from the Journal of the Iron and 
Steel Institute, while some have been borrowed from 
Phillips-Bauerman’s Metallurgy, issued by the publishers 
of this book. Suitable acknowledgment has been made, 
in most instances, in the text accompanying such illus- 
trations. 

The author is indebted to Mr. MacMillan, Lecturer on 
Metallurgy at Mason College, and to Mr. Mac William, 
Metallurgical Lecturer to the Staffordshire County Council, 
for their kind assistance in the revision of the proofs. 

THOMAS TURNER. 


SrAiTOBD, May, 1895. 



CONTENTS. 


CiiAPTEH L— The Eauly History of Iron. 


PAGE 

Prehistoric iron, ... 1 

Iron in Egypt and Assyria, . 2 

Iron in India, Greece, and 

Komo, 4. 

Early iron-making in Britain, 5 

Introduction of cast iron, , 6 

Iron working in Scotland, . 8 

Growing scarcity of charcoal, 8 

Use of coke hy Dud Dudley, . 9 


PAOB 

Blast furnace practice in 1686, 10 

Use of coke by Darby, . . 10 

Huntsman’s improvements in 

atcol, 11 

Improved machinery, . . 12 

Invention of puddling by Cort, 16 

Iron making at the beginning 
of the 19 th century, . . 16 


CnAPTER 11 . —Modern History of Iron. 


Invention of hot blast, . . 20 

Improved shape of blast furnace, 22 

Improvements in puddling, . 24 

Manganese in stool molting, . 25 

Use of blast furnacto gases, . 26 

Opening of the Cleveland dis- 

trict, 27 

Extemlod application of wrought 
iron, 27 


Development of the blast fur- 
nace, 28 

Subsidiary improvements in 
blast furnace practice, . . 80 

Importation of non-phosphoric 
ores, . . . . .81 

Modern American blast furnace 
practice, .... 32 


OhapteeIIII.—- The Aoe of Steel. 


I. The Bessemer process, . 36 

Bessemer’s early life and 
experiments, . . 36 

The Bessemer process be- 
fore the public, . . 37 

Boasomer’s diffioulties, . 38 

„ success, . . 39 

„ steel boilers, . 41 

Steel rails, ... 41 

,, ships, ... 41 


II. Siemens’ steel, . . .42 

Early history of Sir W. 

Siemens, , . .42 

The rogonorative furnace, 43 

Stool making in the re- 
generative furnace, . 44 

Siemens’ direct x)rocesa, . 44 

ni. The basic process, . , 46 

Thomas and Gilchrist, , 46 



X 


CONTENTS, 


H 

f 


Chapter IV.— Chief Iron Ores. 


PAGE 

What constitutes an iron ore, . 49 

Classification of iron ores, . 50 

I. Magnetites, ... 51 

(a) Pure magnetites, . 51 

(5) Impure magnetites, 52 

1. Franklinite, . 52 

2. Ilmenite, . 53 

3. Chrome iron ore, 53 

II. Ferric oxide or hsematite, 54 

(a) Anhydrous, . . 54 

1. Specular iron 

ore, . . 54 

2. Micaceous iron 

ore, . . 54 

3. Kidney ore, . 55 

4. Earthy ore, . 55 

(6) Hydrated oxides, . 56 

1. Goethite, . 56 

2. Limonite, . 56 


PAGE 

III. Carbonate ores, ^ . 57 

(a) Spathic iron ore, . 57 

(b) Impure carb>onates, 58 

•1. Clay ironstone, 58 

2. Cleveland iron- 

stone, . . 58 

3. Blackband iron- 

stone, . . 59 

Chemical composition of iron 
ores, ... . .59 

Formation of iron ores, . . 61 

Geological distribution of iron 
ores, ... . .63^ 

Phosphorus content and geo- 
logical age, . . . .65 

Spanish ores, . . . .66 

Iron ores of the colonies, . . 68 

Meteoric ores, . . . . 69 


Chapter V. -Preparation of Iron Ores. 


Extraction of iron ores, . . 70 

Preparation of ores, . . 71 

Sizing, 72 

Concentration of iron 

ores, 72 

Washing, .... 72 

Magnetic concentration, . 73 

„ treatment of other 

ores, ... 75 


Preparation of finely- divided 
iron ores, . . . .76 

Weathering, . . . .77 

Calcination of iron ores, . .78 

Roasting in open heaps, . . 79 

Calcining in kilns, . . .89 

Roasting between closed walls, 80 
Calcining kilns, . . .81 

Use of gaseous fuel, . . .82 


f 


Chapter VI.— The Blast Furnace. 


Selection of site, ... 85 

Arrangement of works, . . 85 

Construction of the blast 
furnace, . . . .89 

Shape of the blast furnace, . 93 

Retails of construction, . . 95 

Furnace bearths, ... 96 

Wear of linings, ... 98 

Carbon linings of furnace 
hearths, .... 98 


Lifts or hoists, . , , 99 

Collection of waste gases, . 100 

Rust catchers, . - .102 

Handling of pig iron, - .104 

Blowing in and out, . ^ . 105 

Blast furnace practice in A.m©rica 
and in the United Kingdom, 105 
Production of cast iron in 
Styria, ... . 107 



CONTENTS. 


XI 


Blast engines, .... 
Theory of the hot blast, . 

Limit to the advautagoa of hot 

blast, 113 

Methods of heating the blast, . 114 

(hiB-lired regenerative stoves, . 118 

The (lowper stove, . .118 

The VVliitwell atovo, . . 122 


IN THE Blast Furnaob. 


PAaB 

Temperature of the blast, . 125 
Tyrometers, .... 125’ 

Twyers, 123 

Scotch twycr, . . .128 

StalTordshirG twyer, . .129 

Open twycr, . . .130 


Kffect of moisture in the blast, 132, 


(liiAPTER VII. ““"Tub Am Used 

PAflK 
110 
112 


OirAITKIt VITL— llEAOTIONS OF THE BlaST FuBNAGB. 


Materials employed, . . 133 

The ascending current in the 

blast furnace, . . . 134 

Oomlmstion in the hearth, . 134 

Upper zone of reduction, . 135 
Other reactions of carbon 
monoxide, . , .137 

Lower zone of reduction, . 138 

Hydrogen in the blast 
furnace, . . . .139 

The descending ourreut in the 
blast furnace, . . .140 

Cyanides in the blast furnace, 141 
Koduotion in charcoal fur- 
naces, . , . .142 

Temperatures of the blast 
furnace, .... 143 

Descent of the charge in the 
blast furnace, . . .144 


Scaffolds, .... 147 
Bediiction of phosphorus, . 148 

„ silicon, - .149 

„ manganese, . 150 

„ sulphur, . . ISO- 

Sulphur and manganese, . .151 

Composition of the waste gases, 152 
Utilisation of blast furnace 

gases, 153 

Recovery of tar and ammonia 

from blast furnace gases, . 154 
I. (a) AloxanderandlM'Oosh 


process, , 

. 164 

(6) Dempster, 

. 155 

(c) Henderson, 

. 155 

11. (a) Noilson, . 

. 155 

(5) Addie, 

. 155. 


Ohafteb IX.— On the Fuel Used in the Blast Furnace. 


Blast furnace coke, . 

Us© of coal in blast fumaoes, , 
Anthracite, .... 
Bituminous coal, . 

Splint coal, .... 
Brown coal, .... 

Charcoal, 

Us© of gaseous fuel in the blast 
furnace, . . . . 

Consumption of fuel in the blast 
furnace, .... 


157 

158 
169 

159 

159 

160 
161 

162 

163 


Thermo-chemical calculations 
of fuel required, . . . 164 

Duty of fuel used, . . . 166 

Low fuel consumption in coke 

furnaces, .... 167 
Carbon transfer, . . , 168 

Effect of working conditions, . 169 
^eed of working and economy, 170 
Consmhption of fuel in charcoal 
furnaces, .... 170 
Theoretical minimum fuel con- 
sumption, .... 172: 



Xll 


CONTENTS. 


Chapter X.— Slags and Fluxes of Iron Smelting. 


PAGE 

Appearance of blast-furnace 

slags, 175 

Disposal of slag, . . .175 

Composition of blast-furnace 

slag, 177 

Utilisation of slag, . . . 178 

Paving blocks, . . . ISO 


PAOE 

Calculation of furnace charges, 180 
Alumina in slags, . . - 183 

Ore mixtures and self-fluxing 

ores in furnace working, . 183 

Limestone, .... 185 

Use of lime in the blast furnace, 1 86 
Smelting of puddling cinder, . 188 


Chapter XL— The Properties op Cast Iron. 


General properties, . 

Carbon in cast iron, 
Separation of graphite, . 
Carbon in foundry iron, . 
Silicon in cast iron, . 

5 , in foundry practice, 
Economical use of silicon, 
Condition of silicon in cast iron, 
Distribution of silicon, 
Aluminium, .... 

Sulphur, 

Removal of sulphur by alkalies, 


189 

189 

191 

191 

192 

195 

196 

197 

198 
198 
200 
201 


Distribution of sulphur in cast 

iron, 

Phosphorus in cast iron, . 

, , in foundry practice, 
Manganese, .... 
Chromium in cast iron, . 
Vanadium, .... 
Reduction of titanium, , 

Arsenic, 

Grading of pig iron, 

,, American pig iron, 
Special irons, .... 


202 

202 

203 

204 

205 

207 

208 
210 
211 

213 

214 


Chapter XII.— Foundry Praotioe. 


Foundry mixtures, . . . 217 

Special ,, . . . 218 

Stirling’s toughened cast iron, 218 
Sort mixtures, . . . .221 

Remelting, .... 221 

1. The crucible (or pot) fur- 

nace, .... 221 

2. The reverberatory (or air) 

furnace, . . . 221 

3. The cupola, . . . 222 

Influence of remelting, . . 224 

Moulds, 226 

1. Green-sand moulds, . . 226 

2. Dry-sand moulds, . . 227 


3. Loam moulds, . . . 227 

4. Chills, .... 227 

Moulding sand, . . . 228 

Effect of size and shape, . . 229 

Shrinkage of cast iron, . . 230 

Hardness of cast iron, . . 232 

,, and strength of cast 

iron, . . . 233 

Crushing strength, . . . 234 

Transverse ,, . . . 235 

Tensile \ . . 236 

Keep’s tests for foundry iron, . 239 

Malleable cast iron, . . .241 


CONTENTS. 


xiii 


Chapter XIII. — ^Wrought Iron. 


Definition, 

Direct production of wrought 
iron, . 

I. Hearths, 

Catalan process, . 
American bloomery, 
Reactions, . 

II. Small blast furnaces, 

The Osmund furnace, 
Small blast furnaces 
in India, 

Ore supply, . 


PAGE 

244 


244 

245 

245 

246 

247 

248 

248 

249 
249 


.... 

Small blast furnaces, . 

III. Tall blast furnaces, . 

Husgafvel process, 

IV. Retorts, .... 

Chenot process, . 

Blair process, 

Adams (or Blair- Adams) 


process, 

V. Reverberatory furnaces, . 
Siemens’ rotating furnace 
Eames’ direct process, . 


Chapter XIV.— Indirect Production op Wroijoht Iron. 


Classification of processes, . 263 

I. Hearths, .... 264 

(1) The Styrian open 

hearth, . . 264 

The process, . 266 

Open hearths for 
wrought iron, . 267 
The Pranche-Comt4 
process, . . 268 

(2) The South Wales 

process, . . 269 


II. Reverberatory furnaces, . 

(1) Dry puddling, . 

The refinery, 

(2) Modern puddling pro- 

cess, . 

Oxidation in pud- 
dling. 

Best Yorkshire iron. 
Manufacture of Rus- 
sian sheet iron, . 


Chapter XV. 

Arrangement of the works, 

The puddling furnace, 
Anderson’s puddling furnace, . 
Fettling, 

(1) t Fusible, .... 

(2) Moderately fusible, 

(3) Infusible, 

Pig iron for puddling, 
Preparation of the furnace, 
Details of working, . 

Physic, 

Best Staffordshire iron, . 
Reactions of the puddling fur- 
nace, 

Theories of puddling, 

1 . The magnetic oxide theory, 

2. The ferric oxide theory, . 
Varieties of tap cinder, . 
Constitution and reactions of 

puddling cinder, . 


Puddling Process. 

Causes of loss, .... 
Deficiency of cinder. 
Elimination of phosphorus, 

,, sulphur, . 
Other elements in puddling, . 
Use of lime in „ 

Fuel used in the puddling fur- 
nace, 

The calorific efiSciency of the 
puddling furnace, 

Siemens’ puddling furnace. 

The Springer furnace. 

The Pietzka „ 

Mechanical puddling, 

1. Mechanical stirrers, - 

2. Furnaces, beds rotating 

vertically, . 

3. Furnaces, beds rotating 

horizontally, 

Bibliography, .... 


—The 


281 

281 

284 

285 

285 

286 
286 
287 

289 

290 
292 

292 

293 
295 

295 

296 

297 

299 


PAGE 

249 

250 
252 
254 
256 

256 

257 

258 
260 

,260 

261 


271 

271 

272 

274 

276 

278 

279 


301 

302 

303 

304 

305 

305 

306 

307 
309 
309 

309 

310 

311 

311 

313 

313 



XIV 


CONTENTS. 


Chapter XVI. — ^Further Treatment of Wrought Iron. 


PAGE 

Production of puddled bars, . 315 

Helves, 315 

•Squeezers, .... 316 
Steam hammers, . . .317 

Reheating puddled iron, . .319 

RoUs, 321 

Waste in reheating iron, . . 324 

1 . Crop ends, . . . 324 

2. Oxidation, . . . 325 

3. Nature of bottom, . . 325 

4. Quality, .... 326 


Effect of repeated reheatino- of 
iron, ..... ^28 

Sections of finished iron, . . 329 

Imperfections in finished iron, 329 

{a) Rough edges, . . . 329 

( 6 ) Spilly places, . . . 329 

(c) Blisters, .... 339 

Rolling steel, ... . . 339 

Physical properties of wrought 
iron, 339 


Chapter XVIL— Corrosion of Iron and Steel. 


Rusting, 334 

Causes of rust, . . . 335 

Varieties of rust, . . . 337 

Relative corrosion of iron and 

steel, 338 

Galvanic action of iron and 

steel, 339 

Effects of scale on corrosion, . 341 
Corrosion in the presence of 
diluted acids, . . . 342 

Removal of rust, . . . 343 

Action of acids on iron and 
steel, 343 


Protection of iron and steel, 

346 

1 . Wood or solid materials, 

2. Coating of magnetic oxide 

346 

of iron, 

3. Metallic coatings, . 

346 

347 

(a) Copper, 

347 

(&) JSTiekel, 

347 

(c) Tin, . . ■ . . 

347 

{d) Zinc, .... 

348 

4. Tar or pitch, . 

349 

5. Oils, paints, and varnishes, 

349 

6 . Enamels, 

360 

7. Japans, .... 

351 


LIST OF ABBREVIATIONS USED IN THE 
REFERENCES. 


For convenionce of roforenco abbreviations have been employed for the 
title of tlio Transactions, Journals, or other oflicial publications of the 
following Societies : — 

Abtroviatiou. Society. 

B. A. Report, .... British Association for the Advancement of 

Science. 

Birm. Phil. Soc., . . . Birmingham Philosophical Society. 

Jmt. €.£}., Institution of Civil Engineers. 

Inst. Cleveland Bng., . . Institution of Cleveland Engineers. 

Inst, Joum., Iron and Stool Institute. 

Inst. M, E., Institution of Mechanical Engineers. 

Journ.Chem.Soc., . . . Chemical Society of London. 

J. S, 0. I. , Society of Chemical Industry, 

S. S. Inst., South Staffordshire Institute of Iron and Steel 

Works Managers. 


In the occasional rofcronces to other journals the abbreviations used are, 
as far as possible, those in general use, and do not call for special comment. 



'I’llK 


MKTAl.Lllll(JV 


(IF IRON AND STEEL. 


OHAl'TKTi, I. 

THE EARLY HISTORY OF IRON. 

Prohintofio flint in.stnimonts *w}iich have from 

to titan Ihmoi (liHoov(‘ml it\ dillorcnt localities, and which 
arn now pri'Htn'vtnl in thouHainlH in tlio museums of this and 
oth«T rouutrit^s, aflonl junpltt and indisputable ovidonco of a time 
whi*u nndalH W{*rn (other (uitmdy unknown, or when they were 
so iiltio known as not be usitfully appUtHl, Among the stone 
intphnui‘UtH ho pr(mt‘rved ant knivtts, chisels, arrow-heads, saws, 
hantmtu's, and nntm^rouH otln'r instruments which could have 
been nuudt ittont tntadily nnuht in tnetal if the workmen had 
imHHi'HHtHi thc' ncuH'KHary niid-allurgical skill. But as primitive 
limn mnititiutMl his obstTvations he gradually acquired the art of 
nHhndng tint hms rttfratrtory metols from their ores, and thus 
oop|H*r, hardcnied with a small proportion of iron, arsenic, or tin, 
oaiiio to bo gmun’ally cnn])loyo(l for those purposes for which 
flint had bt^i»n provimiHly iiHetl, and it was probably not until the 
broil/, ti ago inwl iaHtvml for a considerable period that the use of 
iron lioofuno gont^ral. 

Wo can only conjiajture as to the period in which iron was 
first from its ori's and applied to the use of man. 

Tln*ro is, however, little doubt that it was kuown and prized in 
prelustorie times, and, in tln^ case of iron, there are special 
reasonii for care* in attempting to fix a date to its first appli- 
catiom That iron rusti in moist air is a fact of everyday 
obs(»rvatioii, and that this process of oxidation gradually proceeds 
tlircHighimt the whole mass of metal is well known. On the 
otlnn* hand, flint is unaltered by atmospheric influences, while 
broir/o ii, under favourable conditions, very slowly attacked. 
If then implements of these substances were buried in the earth, 
and allowed to remain for a lengthened period, it is quite 
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possible that the flint 'would remain practically unaltered, and 
the bronze be little changed, while the iron would be converted 
into a brown mass of hydrated oxide, cementing together some 
pebbles; or even, if the drainage water contained vegetable 
matter, this cement might itself be washed awa}^ and nothing* 
whatever remain to indicate that iron had been originally there. 
Por this reason, while the presence of metallic iron in some 
instances may be proof positive that the metal was known at 
an eai’ly period, the absence of the metal would be much less 
conclusive in proving a negative. It is interesting to note that 
on the site of the Swiss lake dwellings, which were of prehistoric 
age, articles of stone, bronze, and iron have been found together,, 
and Sir C. Lyell points out that the stone, bronze, and iron ages 
are not definite periods in the history of the human race as a 
whole, but stages in the development of particular tribes or 
nations. 

Frequent references to the use of iron occur in the early books 
of the Old Testament, the earliest being in Genesis, chap. iv. 
verse 22, in which Tubal-cain is referred to as an instructor of 
every artificer in brass and iron.” 

Iron in Egypt and Assyria. — The most ancient specimens 
of brass and iron at present known were obtained by Egyptian 
and Assyrian explorers, and a number of such articles are pre- 
served in the galleries of the British Museum. Examination 
of these specimens is suflicient to show that the Egyptians were 
acquainted with the use of iron 4,000 years ago, and possibly at> 
a still earlier date. The ancient Egyj)tian artificer used saws, 
chisels, adzes, drills, and bradawls of bronze, and it was not 
until a comparatively late period that instruments of iron 
became common. At the same time, there are specimens of iron 
extant which are of equal, or ■ even greater, antiquity than the 
most ancient bronzes known. Thus a small hollow “ bronze 
cylinder in the British Museum, inscribed with the name and 
titles of Pepi I., B.c. 3233, is, if contemporary, probably one of 
the oldest bronze objects extant, and among the oldest Egyptian 
bronze tools now known is an axe head of about B.c. 1750. But. 
in the same case as the two bronze articles just mentioned is an 
iron axe head of the date b.c. 1370, and in a case in the same 
room is to be seen the oldest piece of iron known, and which is 
believed to date from b.c. 3733. This specimen was found in 
one of the air passages of the great pyramid at Gizeh ; it is a 
thin flat irregular wedge-shaped piece of iron, not more than 
9 inches long, and less than 3 Inches broad ; its use is doubtful, 
but if it be of the same date as the pyramid, as there seenas 
reason to believe, this specimen is not only the most ancient 
example of iron known, but it is even older than the earliest 
bronze.* 

Guide to the BrUlah Muaeum, 1890, pp. 120-123, ; 
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It is worthy of notice that many of the oai'licr “hronzos” consist 
of copper xiHually hardened by the addition of cuprous oxide, of 
iron, or t>f arsenic, probably iniroductHl by a cnulc nudhod of 
working which was accidentally discovcind to givc^ tlui best 
rcHultK, and that the use of tin was of a later date. Thus Pepfs 
cylinder, abovc inentioned, has betni found by Bertludot to consist 
of copp<u'/ while Dr. (Ihukstone found on analysing tools dis- 
covtu'cd by lh*trie in Kgypt and Bliss in Palestine that some of 
tlm earlit'st of tlu'se, obtaiiuMl from Mt^ydum, and dating from 
2500 u.v. to 2500 i{,e., cousisUul of eoj)p(^r, whilti a tool from 
Lacish of about 1500 n.e. was copper bardoiual with about 
25 per cent, of <’uprouH oxide. ,Iu tiu^ latter place, in remains 
dating from MOO n.e, loSOO u.c,, many obj(ad.s ofbronzc! oecurredy 
while in the later Isratdilish ptu'tion thest.^ w(u*(^ gradually replaced 
by iron. D. should, howevtu*, he recorcled as indicating the anti- 
(piity of tin, Unit a ro<l of bronze containing 9 p(T emit, of tin 
was fmuul at Meydum with thc^ spcinimms, dating from about 
5500 n.<‘. t 

1‘h'»t{gh tilt' t'urlit'.st examples of iron wtu'ti thus obtained from 
lygypt, it was prtibably iu Assyria that this metal was lirsl freely 
Used fur tilt' prttduction of tools, weapons, and oruameuts. It 
is known that d'iglatlr Bih*si*r ust*d iron wtuipons for tlu,^ chase as 
early us u,t‘. 1100, but the most eomplett^ and beautiful collcc- 
tltni of iron iustrunnmts from Assyria was brought by Layartl 
from the ruins of Nimroud, ami art^ now.iu tlu^ British Museum. 
These include fragments of a sword bhuh', and a cousidm’ablo 
portion of a large doubh'- handed saw, ‘Bl ineln^s long and *1 J inches 
widt', such u.H is u.stnl iu country plact'.s by sawyers (^veu at the 
prcHcnt. tlay. Thesi' instrummits alford evidence both of iho 
poMKcsHion of fairly largi' (piantities of iron, and of consiihir*' 
abh* skill iu the proecsHi's of iron manufu^tun',. But ]:)m*haps 
e%'tm nmre iidma'sting is a sm'U's of sptavimmis of ormiuuvutal 
ohjiM’ts wldi‘h wme proiluccil by easting bronze around a core of 
iron. IBuh* tin* artihecr was apparmiily aware that iron was 
stronger and h*HH fusible, but mort^ pcirishalile, than brouzi^, and 
the iron was employed insidit to impart strmigth, while the 
bronze was used outsitle to take the reipured improssiou and to 
resist atmonpherie influmiees.} The application of two metals 
combiiH'il in this manut'r itttlieat(*H a V(U’y cousideralile progress 
in inetidiurgieal knowbulge, ami this is still more rcunarkablo 
when it is rt‘mmnbere<l that at this jieriud, about 880 u.a, the 
inlm.hit4ints of western and northern Eurojs^ ustul nothing but 
stoni' or woiHlen impleuumts, whilts the bronze age was only 
slowly sprf'ading over the southern and central portions of tho 
Otmtiiient,^ 

• Ann, ahem, ti Phun,, vd. xvil, 1880, p. 507. 

t It A, liemrt IHOrl, p. 715, Hcc abo Bert helot, J,SJt A, 1804, p- n08» 

% mrnk to (ht MrUuh Mmmm, 1800, pp. 130-141. § Percy, p. 874. 
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THE METALLURGY OF IRON AND STEEL. 


Ii^on in India, Greece, and Rome. — Probably about this 
time the art of iron-making was carried eastward into India, as 
the inhabitants of that part of the world were well versed in the 
manufacture of iron centuries before the Christian era. The 
famous iron pillar at Kutub, near Delhi, stands 22 feet above 
the ground, and its weight is estimated to exceed 6 tons. It 
consists of malleable iron of great purity, and was probably 
made about a.d. 400, by welding together discs of metal. So 
great a forging at this period indicates a remarkable skill 
among the early iron workers of India which has not survived 
to the present day. The Greeks were also familiar with the 
uses of iron 600 years before the Christian era, though their 
shields and weapons were of bronze, and iron was so rare and 
valuable that sufficient for the production of a ploughshare 
was bestowed as a prize upon the winner at their annual games. 
Iron was discovered by Schliemann in the ruins of Mycenae, 
which was destroyed b.c. 561, and that the Greeks were familiar 
with meteoric iron is evident, since sideros, which has given the 
word “sideral” to the English language, has also supplied the 
Drench term for the metallurgy of iron. 

It was not, however, until the Roman Empire was firmly 
established that the use of iron became general over civilised 
Europe. From the writings of Pliny, in the early part of the 
first century, it is evident that among the Romans iron was 
freely used in agriculture, war, and for a multitude of other 
purposes. Pliny’s account of the use of iron is very complete, 
and is interesting, not only from the fact that he mentions the 
chief localities from whence iron was then obtained, describes 
the character of the ores, and gives an indication of the method 
of extraction, but more particularly because of the very evident 
•knowledge which he possessed of the difference between wrought 
iron and steel. Pliny describes not only the hardening of steel 
by quenching in water, but also the use of oil for hardening, and 
he appears to have been quite familiar with the difference of the 
results obtained in the two cases. At this time also the Roman 
smiths used iron for hinges, nails, chains, bolts, keys, locks, and 
similar purposes, while they employed steel for swords, razors, 
scissors, and edge tools. In fact, so highly did the Romans 
value the importance of working in iron and steel that they 
established public forges or shops at various camps and cities 
throughout the empire.* 

For several centuries before the beginning of the Christian 
era iron had been produced in what is now known as Styria and 
Oarinthia. The product, known as “ noric ” iron, was famed for 
its excellent quality, and is referred to in the writings of various 
classical authors. The iron of Styria is obtained from ore ex- 
tracted from the Erzberg, or ore mountain,” a bedded deposit 
* Scrivenor, History of the Iron Trade, pp. 12-18, 2S-29. 
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of enormous size which has been worked for upwards of 2,000 
years with but little effect in reducing the supply of ore. This 
district, in which some very primitive processes are still con- 
ducted, is probably the most ancient seat of the manufac- 
ture of iron in the civilised world in which the industry 
still flourishes, and thus Styria furnishes an interesting link 
connecting the present with the remote past. The records now 
in existence only go back to the twelfth century, as a fire in 
1618 destroyed documents carrying the history back to a.d. 712, 
but even this date, early as it is, is late in the history of the 
iron industry of the Erzberg.* 

Early Iron-making in Britain. — The ancient Britons were 
acquainted with the use, and probably also with the production 
of iron some centuries before the Homan invasion under Julius 
Cm sar, in B.c. 55 j for at that time they had swords, spears, 
‘scythes, and hooks of iron, while the metal was also used in 
mining, for agricultural purposes, and for export. 

Dinung the Homan occupation of Britain, the manufacture of 
iron and steel was conducted on a very considerable scale, for a 
large military forge was erected at Bath, and supplies of iron 
were obtained from the Forest of Dean, from South Wales, from 
Yorkshire, and from other parts of the country. The remains 
of Homan cinders, rich in iron, have been found in many parts 
of the United Kingdom, particularly in the Forest of Dean. In 
this locality the cinders had accumulated in such quantities, and 
were so rich in iron, that it is stated that, in more recent times, 
for some 300 years this material was smelted in the blast furnace 
for the extraction of iron. The enormous quantities of such 
cinders left by the Homans indicate how extensive the manufac- 
ture of iron must have become during the Homan occupation. 
The brown luematites of the Northamptonshire district were also 
worked on a considerable scale during the same period ; t while 
discoveries made by J. Storrie in 1894, on the site of Homan 
iron forges near Cardiff, seem to show that manganiferous ores 
were imported in these remote days from Spain for the purpose 
of steel making. 

Little is known regarding the production of iron in this 
country under the Saxons. The chaotic condition of the govern- 
ment during the centuries immediately succeeding the Homan 
departure was unfavourable to the progress of the industrial 
arts, and it was not until the close of the Saxon period that the 
iron trade began once more to flourish, so that, at the Norman 
Conquest, Gloucester had a considerable trade in iron, obtained 
from the Forest of Dean, and was renowned for its forgings. 
But under the Normans the iron trade again declined, and the 
metal became a comparatively rare and costly material, so that 

Korb and Turner, S: S, 1889, p. 4. 

t Phillips, Ore JJeposits, p. 172. 
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the Scots, in a predatory expedition in the tenth year of the 
reign of Edward II., '‘met with no iron worth their notice 
until they came to Eurness, in Lancashire, where they seized all 
the manufactured iron they could find, and carried it off with 
the greatest joy, though so heavy of carriage, and preferred it to 
any other plunder.”*^ While, in the reign of Edward III., the 
pots, spits, and frying-pans of the royal household were classed 
among the royal jewels. 

> The chief seats of the iron trade in England during the 
Middle Ages were the weald of Kent and Sussex, the Forest 
of Dean, and Kockingham Forest, in Northamptonshire. The 
manufacture was also conducted in other localities, though on a 
.smaller scale, and chiefly for local consumption. The Abbey of 
Flaxley was founded in 1140, and for more than five centuries 
the iron trade established by the monks of Flaxley appears to 
have been carried on in almost any part of the Forest of Dean, 
where the necessary ore and charcoal could be obtained, and 
where a running stream supplied the power required to produce 
the blast. Throughout the Northamptonshire district, also, 
there are still to be found large accumulations of slag, which is 
dark in colour, heavy, compact, and rich in iron.f 


Introduction of Cast Iron. 

Throughout the long interval between the Norman Conquest 
and the beginning of the Tudor period, the iron manufacture 
of these islands was comparatively insignificant ; the chief 
supplies were imported fi'om Germany, and it is to German 
metallurgists that we look for the dawn of a new era, which was 
destined not only to largely extend the use of iron and steel, 
but to give to the world a new kind of iron, which has ever 
•since been of the utmost importance. Hitherto iron had always 
been produced in some very simple kind of open hearth, or in a 
very small blast furnace, and it had been reduced directly from 
the ore in a single operation. The product had been either 
wrought iron or steel, as the case might be, according to the 
.details of the operation ; but cast iron had not been produced, 
or if it had been accidentally made, its use was unknown. The 
German Stiickofen, or small blast furnace, is shown in Fig. 1. 
Such a furnace was built of masonry, and consisted of two trun- 
cated cones placed base to base, while the front of the hearth was 
made with a thin wall, which was taken down at the end of the 
operation, so as to permit the removal of the bloom of wrought 
iron. Such a furnace would have a maximum diameter of about 
5 feet, and would not exceed 15 feet in height. But now 

* Scrivenor, p. 31. 

t Phillips, Ore Deposits^ pp. 156, 172. 
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German metallurgists, in their endeavours to save fuel and 
reduce the cost of manufacture, introduced blast furnaces of 
gradually increasing size ; and by allowing the metal to remain 
longer in contact with the fuel the iron became carburised, and 
was obtained in the fluid condition. Previously iron had only 
been produced in the solid, or, at most, in the pasty form, even 
at the highest attainable temperatures, and when any large 
object or intricate form was required, it could only be obtained 
by laborious forging. But when the production and properties 
of cast iron were once understood, metallurgists had at their dis- 
posal what was practically a new metal, capable of being readily 



Fig. 1. — German Stlickofen. 


cast into any desired size or shape. It is believed by Lcmer 
that cast iron was made in Sussex about 1350, and soon after- 
•wards the art of ironfounding was understood on the Continent; 
it was introduced into England about the year 1500; the nret 
cast-iron cannon produced in the United Kingdom was made by 
Ralph Hogge in 1543, while such progress had been made by 
1595 that cannon weighing 3 tons each were produced. 

• A recently discovered inventory of the cannon belonging to 
the Prince of Hessen in 1544, shows that he possessed a large 
number of cast-iron guns at that date. i j? i 

' But the use of cast iron was not restricted to foundry pur- 
it was argued that, as by one application of the 
influence of tire, the crude metal had been extracted 

* Percy, Iron and Steel, p. 879. 


poses, for 
purifying 
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from tlie ore, so by a further application of the same purifying 
agency the crude metal might be converted into malleable iron* 
Thus wrought iron came to be made from cast iron by an in- 
direct process in small fineries, and the blast furnace took the 
position it has so long held, and which it appears likely still to- 
retain, as the first step in the manufacture of iron and steel. 

Iron Working in Scotland. — The manufacture of iron in 
Scotland had its rise in the vicinity of Loch Maree, Boss-shire,, 
towards the end of the sixteenth century. Previous to tliis 
time much of the iron used in Scotland had been imported, while- 
the residue was made for local consumption in primitive forges 
scattered through the country. In 1609, Sir George Hay started 
iron works at Letterewe, on Loch Maree, at which local bog 
ore was smelted with charcoal, while workings at Fasagh, in 
the same neighbourhood, were commenced some years earlier. 
These latter works contained at least one blast furnace, and two 
hearths, so that both cast and wrought iron were produced, while 
the necessary power was obtained by means of a water-course ; 
in all probability the workmen in this instance were Englishmen 
who had been brought to Boss-shire by Sir George Hay to start 
the industry. The site of the Fasagh works has been explored 
and illustrated by J. Macadam,* and was visited by Drs. Tilden 
and Thorpe in 1892. Specimens of wrought iron left by tho 
ancient workers were analysed, and found to have the following 
compositionf : — 



Tilden and Brown. 

Tliorpe and Donjjal. 

Carbon, . 

• -140 

•192 

Silicon, . 

'047 

'077 

Sulphur, 

traces 

•012 

Phosphorus, . 

•247 

•087 

Manganese, . 

•08 

•038 


The sample examined by Mrs. Dougal was also submitted to- 
physical and mechanical tests, which showed that this material 
was nearly, if not quite, equal to the metal made by modern 
methods, despite the fact that it was produced so long ago, from 
relatively poor ores, and by comparatively crude processes. 
Iron making was continued in Boss-shire for a considerable 
period, but the industry was gradually transferred to other 
districts, as the supply of wood was exhausted. 

Growing Scarcity of Charcoal.— -With the introduction of 
Continental methods of manufacture into England, tho trade of 

* Trans. Inverness Sci. Soc., 1893, vol. iii., p. 222. 

tBirm. Phil Soc., 1894, vol. i., p. 48; J, Chem. Soc., 1894, vol. Ixv.. 

-Tk *7AQ ' ^ 
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this coiintry revived, and at the end of the sixteenth century, 
in the reign of Elizabeth, it had assumed very considerable pro- 
portions, particularly in Sussex, but also in Staffordshire, in 
Yorkshire, and some other parts. With this increase of trade,, 
a new and unexpected difficulty presented itself. Hitherto the 
only fuel used in the iron furnaces had been charcoal, which, so 
long as England was well wooded and the trade was small, had 
been obtained without difficulty. But with a largely increased 
trade in iron, and a greater demand for timber for shipbuilding 
and other purposes, the supply of timber was insufficient, and in. 
order to prevent the wholesale destruction of the remaining 
tiinber, various Acts of Parliament were passed in the reign of 
Elizabeth, in the years 1558, 1562, 1580, and 1584, restricting 
the number and position of the iron works, and prohibiting the 
erection of new works in certain districts. Suffering from this 
absence of fuel, it is not to be wondered at that the iron trade 
again languished, and in the middle of the eighteenth century 
it was considered necessary to pass Acts of Parliament to 
encourage the importation of iron into the United Kingdom. 

Use of Coke by Dud Dudley. — The great scarcity of charcoal 
directed attention to the use of pit coal as a substitute in the 
manufacture of iron. The first successful attempt in this direc- 
tion was due to Dud Dudley, a natural son of Edward, Earl of 
Dudley, who was the owner of several iron works in the neigh- 
bourhood of Dudley. Dud Dudley came from College at Oxford, 
at the age of twenty, in the year 1619, to superintend his father’s 
works, and after some preliminary trials succeeded in preparing 
coke from Stafiffirdshire coal, and by the use of this coke he 
produced pig iron in the blast furnace. By the influence of the 
Earl of Dudley a patent was obtained from King James I. for 
carrying on the invention, and Dud Dudley successfully made 
iron from pit coal for a number of years, but the misfortunes 
which arose from the civil war, from a flood, and from opposition 
of other iron masters caused the manufacture to be abandoned, 
and for nearly a century the matter was allowed to rest, while 
the iron trade sank to its lowest ebb. 

When Dud Dudley was well advanced in life he published an 
account of his invention and of his misfortunes under the title 
of Metallum Martls ; this very interesting volume has been 
republished in the original form by Longmans & Co., London, 
and we are thus able to obtain an insight into the general 
arrangement of an iron works of that period. As a supply of 
charcoal was necessary for carrying on the manufacture, the 
works were always situated in the neighbourhood of large woods 
or forests, the furnaces were small, and built of masonry, being 
usually strengthened by the use of large oak beams, such as 
were used in the construction of the half timbered houses of 
that period, the blast was produced by the use of bellows, driven 
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by water wheels, which were introduced about 1600, a 
the works were situated at the side of a running st] 
production of cast iron did not exceed a maximum o 
per week, and was frequently less than half this amou 
the furnaces did not work more than ten months in ■ 
It was usual for the pig iron to be converted into wroi 
at the same works, in small hearths, and, as the use of 
not yet been introduced, the blooms were hammered in1 
probably b}^ water power. As the production of each 
was so small it was necessary to have a number of c 
ments scattered throughout the country, and it is not si 
to learn that early in the reign of James I., when the t 
good, there were upwards of 800 furnaces, forges, and 
the TJnited Kingdom. 

Blast Furnace Practice in 1686. — The following 
from Dr. Plot, written in 1686,* describe the form and ir 
working a blast furnace at that time : — “When they ha^ 
their ore before it is fit for the furnace, they burn or ( 
upon the ground, with small charcoal, wood, or seacoal, 
it break into small pieces, which will be done in three d 
this they call annealing it or firing it for the furnace, 
meanwhile they also heat their furnace for a week’s ti 
charcoal, without blowing it, which they call seasoning 
then they bring the ore to the furnace thus prepared, an 
it in with the charcoal in baskets — i.e., a basket of ore t 
a basket of coal. Two vast pairs of bellows are placec 
the furnace and compressed alternately by a large whee 
by water, the fire is made so intense that after three ( 
metal will begin to run ; still after increasing until at h 
fourteen night’s time they can run a sow and pigs once ii 
hours, which they do in a bed of sand before the mout 
furnace.” . . . “ The hearth of the fmmace into wliict 
and the coal fall is ordinarily built square, the sides des 
obliquely and drawing near to one another like the hoj: 
mill ; where these oblique walls terminate, which they 
boshes, there are set four other stones, but these are co 
set perpendicular, and reach to the bottom stone, mat 
perpendicular stone that receives the metal. ”t 

A series of three drawings of German blast furnaces 
have been published by Professor Ledebur, who remai 
these furnaces differ hut little from those in use a cei: 
two earlier. J 

Us© of Coke by Darby. — The production of pig ir< 
coke is so simple in principle, and has so long been th 
nised method of procedure, that it is now somewhat dif. 

* Natural History of Staffordshire, p. 161. 

ilUd., p. 162. 

t Stahl und Eisen, vol. xi., p. 219. 
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xinderstaiid how the idea was allowed to remain so long in abey- 
ance after the death of Dud Dudley. But the matter was revived 
in 1713 by Abraham Darby, at Colebrook Dale, in Shropshire, and 
after much perseverance and labour, his son, also named Abraham 
Darby, succeeded in the attempt. The experiment is thus de- 
scribed by Dr. Percy —‘‘Between 1730 and 1735 he determined 
to treat pit coal as his charcoal burners treated wood. He built 
a fire])root hearth in the open air, piled upon it a circular mound 
of coal, and covered it with clay and cinders, leaving access to 
just sufficient air to maintain slow combustion. Having thus 
made a good stock of coke, he proceeded to experiment upon it 
as a substitute for charcoal. He himself watched the filling of 
his furnace during six days and nights, having no regular sleep, 
and taking his meals at the furnace top. On the sixth evening, 
after many disappointments, the experiment succeeded, and the 
iron ran out well. He then fell asleep in the bridge house at 
the top of his old-fashioned furnace, so soundly, that his men 
could not wake him, and carried him sleeping to his house a 
quarter of a mile distant. From that time his success was 
rapid.” 

Darby’s success rendered available for the purposes of the iron- 
master the greater part of the coal supply of this country, doing 
away with the necessity for the use of charcoal for the produc- 
tion of cast iron, and laying the foundation of that pre-eminent 
position in the iron trade of the world which Britain so long 
enjoyed. 

The use of coke now spread rapidly in the United Kingdom, for 
Darby’s practical success was achieved but little before 1740, in 
which year there were only 59 blast furnaces in England and 
Wales, while the average weekly output per furnace was slightly 
under 6 tons. But half a century later, in 1790, the number 
of furnaces had increased to 106, of which 81 used coke, and 
only 25 used charcoal. At the same time, owing chiefly to the 
employment of improved machinery, the weekly yield had in- 
creased to slightly over 10 tons per week in charcoal furnaces, 
and over 17 tons per week in furnaces using coke.* 

Huntsman’s Improvements in Steel. — But as the com- 
mercial position of Great Britain is not due to any single 
industry, so the development of the iron trade did not depend 
upon one invention, great as was the importance and far-reach- 
ing character of this change introduced by Darby. The cutlery 
trade of the country had not yet assumed any considerable 
proportions, and much of the* best steel was imported from 
Germany. It is doubtful when the process of cementation was 
first introduced for the production of steel for tools and cutlery, 
but that it has been known for some centuries is beyond doubt ; 
it was described by Reaumur in 1722, and was in use in Sheffield 
* Scrivenor, pp. 57, 359-361. 
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at the period of which we are speaking. About the same time 
that Darby succeeded in his experiments, a clockmaker a1 
Doncaster named Huntsman had his attention directed to the 
need of a more uniform quality of steel than could be produced 
by cementation. After many unsuccessful efforts, he obtained 
the desired result by breaking the bars of cemented or “ blister’ 
steel into small pieces, selecting them according to the desired 
purpose, and melting the steel in clay crucibles. He removed 
to Hands worth, near Sheffield, in 1740, where he erected works 
and conducted the operation with great precautions to ensure 
secrecy for a number of years, and Huntsman’s steel was in the 
highest repute; but at length his competitors obtained a know 
ledge of the process by dishonourable means, and many othei 
steel manufacturers adopted it.* Thus the present method foi 
the production of steel of the best quality for tools and cutlerj 
was introduced, and Sheffeld rapidly developed, though tin 
production of pig iron in this country was not increased by this 
change, since the iron used for steel making was of specia' 
quality, and was imported from Russia and Sweden. An inter 
esting illustrated account of Huntsman’s discovery has beei 
recently given by R. A. Hadfield.f 

Improved Machinery. — The great improvements effected ii 
the construction of the steam engine by Watt, about the yea: 
1768, not only caused a considerably increased demand for iron 
but also gave to ironmasters a source of power, of which the^ 
were not slow to avail themselves. The earliest aj)plication o 
the steam engine in iron making was by Wilkinson for th( 
production of blast for the blast furnace. The first blowing 
cylinders, driven by water, had been erected by Smeaton at th< 
Carron Iron Works, in Scotland, in 1760, J and the days o 
leather bellows, driven by water power, were over. At first 
IN'ewcomen “fire” engines were used, but these soon gave wa] 
to the condensing engine of Watt, and by about 1790 these hac 
come into pretty general use. With the increased pressure o 
blast thus obtained, the furnaces drove more rapidly, and th< 
production per furnace increased. About this time, also, stean 
engines of the improved pattern were introduced into the mill 
and forges of Great Britain, as with the rapidly increasing 
volume of trade, and the improvements in the mechanica 
arrangements for working wrought iron, water power was founc 
to be quite inadequate. In early times bars or rods of iron wer( 
produced by the tedious process of hammering ; the smallest ba: 
that could be made by this method was | inch square, and al 
smaller sizes were cut in the splitting mill. Plates and sheet: 

* Jeans, Steel, p. 16. 

t Inst. Journ., 1894, vol. ii., p. 224. 

t For a description of these blowing cylinders, and of the increased yieh 
resulting from their use, see Scrivenor, pp. 83-85 and 91. 
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-Manufacture of sheet iron in 1714. 
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ivere also produced by liammering, at first entirely by band, 
Dut afterwards by water power, as shown in Fig. 2, taken from 
i paper by P. W. Flower on the ‘^Manufacture of Tin Plates.’^ 
[n this illustration, representing the manufacture of sheet iron 
n 1714, are shown two pairs of bellows worked by water power, 
ind supplying blast to a charcoal hearth used for heating the 
ron to be treated ; while on the other side of the hearth, also 
ictuated by water power, is seen the hammer used for producing 
:he rough plates, which were apparently finished by hand on a 
nnall anvil. But in 1720 the tin plate manufacture was started 
it Pontypool by Major Hanbury, who in 1728 introduced the 
:yrocess of sheet iron rolling, or, as it was then described, “ the 
irt of expanding bars by compressing cylinders.” This mill was 
iriven by water power, and had plain rolls. 



Tig. 3. — Bar mill, 1760 (French). 

In Fig. 3, which is taken from a paper by B. H. Thwaite,t 
s shown a train of rolls as used for rolling bars in France in 
L70O. It will be seen that the rolls were driven by a water 
vheel connected with wooden shafting of large diameter; the 
•oils themselves were small and plain — their surface was 
)lain and smooth like that of a sheet roll, and hence only flat 
)ars with imperfect edges could be rolled in such a mill. The 
netal was heated, before rolling, in the closed furnace shown 
)ehind the rolls, while the rolls themselves were kept cool by 
illowing a stream of water to run over them. 

* Inst. Journ., 1886, vol. i., p. 36. 
iS. S. Inst., 1893. 
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Till* tif grtmvfHl rolls wan pattmtcul by Oort in 1783, and 
thin itmrkji a mlvanro in tln^ ni(H‘iianiail tiratintint of 

'wrttiigla irriit, sinin% by a ain^lo oponitioii, a loiip;- bar can be 
iliiifliiy itiifl rboiiply protluml from a mass of iron, while by 
tile and shapf <if the rolls an iudefiuite number of 
liM-fiil HreUouH ran Ih‘ obtaiutni. **(Jui(lt‘ ’’ rolls, a small variety 
titiini in the proilurtiou of thin rods of iron, and in which the 
liirliil I'i nicrliauicHily ^niidrd thriui^j^h tlirs rolls, W(U*o invented 
11 few veiir.i iiffrrwartis by Shinton in Statrordshin'.* Thes(^ im- 
|iriHrinontH, with tin* use of larg(U‘ and more numerous 

it|*pliaiit** H ut ioher kiiuls, ilut' to tlu' increjiHeil outj)ut, rendered 
llm u .«* n! tin- atj'iuu ruf^ine of the iitiiujst possibb? v'ahn’i ; apart 
frnm fbi .suti when nu»st mauliMl, the development 

whieli fulbi\v«*d would have b<*eu impoHsibb*. 

Iiiviuition Qf IHiddling by Cort.— ^Tho maa^ssity for the 
u?»e file jiteam eu'^iut* was nmdiu'ed still ^nuiter by the inven- 
Uuij nf ptobllinij by t‘ort in I7H*1 ; this invenliou was of the 
^rriitr’U |He,'iibb^ importama' t(» tlu' Iron tra(U', and laid the 
liuupiaUMii nf laueli of the rominerciul ^riuitiH'ss of (Irrat Britain 
iluiiiu* tin* o’Utury that follovveiL lh*fort‘ tlu^ days of (Jort. east 
ireii loid been deeariuirisetl in small hearths, gc^iuanlly with ehar- 
r«ial. riu i '.VHtem involved a ‘^reni ('Xpiuidituin'. of fuel, while 
flu- wioile and labour vvert' alst) as only about 1 cwt. could 

firateti at onee. But (’ort introdluaal tln^ us(^ of a nnu'rber- 
iitory furnaee* in whieh the imdnl to In* ([(‘earburised was not in 
esmtiii’i with the fmd, Imt was otdy lunitial by tlu^. naim^, whieh 
wm rauwd to slrilu* tlowti or nuMuberaiid’ from the roof of the 
liirtiiiee, 11ns enabled th<^ manufaeiuriu* to employ coal insBuid 
Ilf elnireital, lUit! thtjs not only introdueed a eli(‘ap(‘r fuel, but one 
widt h* ill tUh eountry at. all (‘vamts* was spiHMally siiitabbs for 
file pnrpH'»e. At tht' same tim(\ the rttverberatory furnace 
nlloweil of I he use of cluup'H W('iyhijt)i( 2,^ ewts., <ivim, in, (dnd/B 
oriniiiii! proeeHH, and this ijumdity wasafiiU’wards almost doubled. 
11 ioU| 4 !i (‘orl'ii two invent ions were thus of immeust^ practical 
iiiijrtiriiaiee to tlu’ nation, tiu' story of his life is a particularly 
Ptti! 'rhroU|<li the mal praetiet‘H of a diKhoiu^st partner, wlio 

ilituily afferwiunis diial sudthmly, (lort’s patmd/ was seiwKl t(> 
wilirify bin partners liabilities, and ovvin|;jf to ilu^ iudiHe.reiHa) of 
tlie Ibivernment, !n^ wm vmnhle to derivo any bfoudit from, or 
work iiiieii’r the patent. Aftm* enduring this unjust ireiitmoirt 
fi*r aniiie yeiim In'* tUed in noverty in IHOO, and mores than halt 

iji^tititry eliipHed bidbre the thtsii (loverunnsut awarded to his. 
ttirviving fleseemlani a tardy and insulHoifsnt recognition of hin 
iervirei/' Ami yet it is Ktabal that if a Hingbs iromnasbsr,^ Mr. 
Jlieliard i'mwiihay» who learned tlio process by S(s(sing it in 
»|wraittm at Cart\ works, had fulfilled Ids promises and paid 

♦ fliiii statement l« mack on the authority of Mr. BLsliop, a friend of tho 
latliwr, itiil gmmtiyii of tlm Bhiufcou above-mentioned. 
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his royalties, Oort would have received £25,000 before his 
death.* 

In. the original puddling process as invented by Oort, or, as it 
has since been called, “dry puddling,” the bottom of the furnace 
was of sand, and decarburisation was effected by fluid oxide of 
iron produced by atmospheric oxidation from the pig iron itself. 
Hence the waste was always great, but more particularly so 
with grey or silicious iron. To successfully carry on the process 
with grey iron it was found necessary to submit the metal to a 
previous oxidising melting, or refining. This process is stated 
to have been introduced by S. Homfray, of Tredegar, about 
1790 it continued in use until after dry puddling was super- 
seded, and is used in W. Yorkshire and occasionally in other 
localities even at the present day. 

Iron Making at the Beginning of the Nineteenth Cen- 
i:ury. — We are thus brought in this rapid and necessarily 
incomplete survey of the early history of iron to the beginning 
of the nineteenth century, and before considering the more 
recent developments of this great industry, it may be advisable 
to glance at the condition of the iron trade, more particularly in 
Great Britain, at that period. The improvement in the iron 
trade which took place under the Tudors was largely due to the 
adoption of Continental, and more of German, 

methods of manufacture, and the stagnation which followed was 
caused in great part by the scarcity of charcoal. But by the 
close of the eighteenth century the United Kingdom had as- 
-sumed a leading position among the iron-making countries of 
the world, and the iron trade was about to enter upon a still 
greater development. The new processes now in use in Britain 
were the inventions of her own sons, men like Hanbury, 
Darby, Huntsman, and Oort, who had shown how to utilise 
the resources and improve the productions of their country. 
At the same time the invention of the steam engine, together 
with the great development of the mechanical arts, had created 
a demand for iron which the manufacturers were scarcely able 
to supply, so that in spite of the largely-increased production, 
prices were high, and a considerable quantity of iron was im- 
ported into the country from other parts of Europe. Iron was 
now also coming into considerable use for constructive purposes. 
The first bridge of iron of any magnitude was cast about 1788, 
at Colebrookdale, it was erected at Ironbridge over the Severn, 
and is still in use. The blast furnaces of this period were not 
more than 40 feet high, with a capacity of less than 2,000 cubic 
feet ; they were built of masonry, with small square hearths, 
and the blast was introduced by a single twyer. The average 
weekly production per furnace did not exceed 20 tons through- 


* Percy, 
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out iho whole of Great Britain iti 179G,* and in many oanos was | 

much less than this. A few c.harcoal furnaces still Hurvivcu!, I 

though tliey were getting much less numerous ; tlu^ last ftirnacc^ | 

in HuSvSex, at Ashburnham, being blown out in 18:37, t while a I 

charcoal furnace was worked at Bunawc^, in Hcotland, u|> to so | 

late a date as IBOG, the ore Ixung imported from GumiHudand. | 

The last charcoal furuatans to survive in tln^ United Kingdom | 

are near U1 vers ton, in Lamnishins th<^ works having htam carried 
on for nearly two c<mturi<*s. 

At th(^ Ix'ginning of tlu^ nim'itHuith century Houtli Wales and 
Stalibrd.slun' w(*r(^ thcs t,vvo most imjiortant iron-producing dis» 
tricts in tlu^ Unitixi Kingdom, atid togctluu' ma»l<^ mon^ tlian 
thr(xv(|uarterH of tiu* total aninml prtxlnction of pig irotu 
Fornuudy the. blast was intnxhnxxl by a singh^ twyer, but tiow 
He.v<‘ral twycu’s were iriinjdutnul, aiul this (diange led increased 
yiidd and greater uniformity in working. 

Th(‘ form and dimensions of tlu^ blast furnace, which wean's 
<h‘HtimMl to be soon eomphdely changed, had untbn*g<me litth' 
alteration sinct' the days of Plot, and befon?! proeixnling to ccHi* 
aider these mtHbum iinpr<»vt*ments in another ehapter, it may 
Ix^ iTiteresting in hav<' on r<‘t*ord .some lUTount t>f the blast 
furnaei‘s in us(^ in the year 1825. The following details of 
the peritkl in t|ut\siion w«*re supjditxl to the autl\or by Mr. 

T. Oakc'H, of Dudley, who, in the early part of the century, 
was a member of tln^ largest iirm of furnace Imibbu’s in the 
country, ami who tUed in IHIH at an advancinl age. As an 
examph' (if the simpbrnt forms of furnace tluni iti use, that 
of Gharicot, m*ar the (Ih'e Hills, may he taken, 'riu^ otitHide 
of the furmuu*, was H(|uare, and built of solid maHfiury, whieli 
was ludtl tcigetln*r and suppriided by H<ilid itakeu btnuus. The 
funnu*e wm about ‘JU feed, high, and thi' dianuder at the 
boslu^H about 7 f<xd., 'I’ln* blast was drivtm by a pair t»f b(dlow« 
work(Ml by a waUu’ wluxd, while* tln^ air was thdivtasnl through 
two twyer.H on opptmiu^ sitbss of tlui furunee. ^Plui c»ni us«sl wan 
naiivt* clay ironsttine, obtaimul by sinking H(|uare pits inbi tlm 
hillside, and the* fuel was charcoal, Tlui wtiekly production t»f 
pig iron did not I'xceiid 7 ions, all the materials wtm\ carritsl fi*r 
«otm^ di«tam*ti on tlui Ijacks of pack-horses, and tht^ nud-al was 
also taken on liorstdaick to Bridgenorth to be nmi down tlni 
Hev(irn in barg(*i. Bridgimorth appears to havt^ had a ctmsidtir- 
able trade in iron at one time, and in Ht. IxHmard’s Ghureh 
tliere ans a number of monumental slabs of cast inm, (evidently 
of bxm! manufacturer, and in gocxl prtiSfrrvation, t»U(r <»f which 
dates from Ill7ib Owing to the had state* oi' the rt»ads the 
furnace ctiuld not be worked during tier winter months. From 
this description it will lie seen iliat charcoal furnaces had 

* Hcrivtuior, pp, U.idkl 

t Wilkiii, MmmifucMtr of Irtm^ p* .H. 
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remained almost unaltered in. • construction for at least two 
centuries. 

The coke blast furnaces of that period were constructed of 
masonry, and as lifts were not yet introduced, they were built 
against an embankment for convenience of tilling. These fxir- 
naces were 30 to 40 feet in height, the diameter across the 
boshes was about 10 feet, and that of the tunnel head and filling 
hopper about 3 feet. At this period the hearth was always 
built square, and was only about 2 feet across. Each furnace 
was sui^plied with three twyers, which for convenience of attach- 
ment were connected to the blast main by means of leatlier liags. 
The blast was cold, and the pressure about 2 lbs. to ibe square 
inch, while the nozzle of the twyer pipe was about 2 inches in 



Fig. 4. — Welsh blast furnace, 1825 (from an old pamphlet). 

diameter. ^ The fuel used w'as coke, and the fuel consumption 
corresponded to about tons of raw coal per ton of pig iron 
produced. The weekly production of pig iron per furnace was 
about 35 to 40 tons, and the small scale on which the operations 
were conducted is showm by the fact that the cinder was cooledl 
and dragged away by one man with a cinder hook, while the man 
who worked the blast engine also carried the pigs and weighed 
them; the furnace fillers wheeled all the materials, meaHuring 
the coke in baskets, and the ore and limestone in iron boxes • 
while at each furnace a girl was stationed to break up the lime- 
stone. 

At this time, about 1825, the make of pig iron in Stafifordshir© 
w^ more than one-third of the total production of the United 
E.iDgdom, and the above description of a coke furnace is believed 
to be a fair representation of what was good practice at that 
period. This part of the subject has been dealt with at some 
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length, as it is necessary to understand, something of the condi- 
tion of the iron trade at the beginning of the nineteenth century, 
in order to appreciate the enormous advances that have been 
made during the lifetime of persons now living. It is usual to 
liefer with pride to modern improvements in many directions, 
and to compare the express train or steamboat of to-day with 
the old stage coach or sailing ship. Yet in the same period the 
advances made in the metallurgy of iron and steel, which have 
rendered these other improvements possible, have themselves 
been equally wonderful and important in their results, though 
their value, being less evident, is not so widely recognised. 

In addition to the works mentioned in the text the following may be 
consulted with advantage : — 

S. Gardner. Iron work, London, ISO!^, which deals with the history 
of the subject from the earliest times to the end of the iiicdiLcval period. 

M. T. Richardson. Practical MacLs'/nithin:/, London, about ISOO, in 
wliieh is contained a very interesting account of the application of wrought 
iron fur armour and many useful and ornamental purposes during the 
middle ai^es. 

J. M. Swank. Iron in all Af/cs, riiiladclphia, 1884 (1st edition). An 
important book in which is given a very complete account of the history 
of tlui iron trade, ])!U'ticular attention being paid to the early development 
of the industry in America. 

Also papers Rise and Progress of the Iron Manufacture of Scotland.'’ 
IntiL Journ., 1872, vol. il, p. 28. 

J. H. Dixon. “Old Iron Works at Gaiiioeli.” Trans, Inverness Scu 
iSoc.^i vol, iii., p. 222. 
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CHAPTEE IT. 

MODERN HISTORY OF IRON. 

Invention of Hot Blast.* — The modern development of tlie 
manufacture of iron may be considered to have begun with th.o 
great advance in blast furnace practice in the second quartei:* 
of the nineteenth century. In the year 1828 it occurred ho 
J. B. Neilson, the manager of the Gas Works of the City of* 
Glasgow, that it would be advantageous to lieat the air used for 
combustion in smiths' fires, in cupolas, and in the blast furnace. 
It would not be easy to show that Neilson had any scientific or 
other good reason for believing that a certain weight of fuel, 
burned outside the furnace for heating the blast, would produce 
a greater useful effect than the same quantity of fuel consume <1 
inside the furnace. At all events the use of hot blast for smith. s’ 
hearths and cupolas, to which he appears to have attached corL~ 
siderable importance, has never come into successful use. Btib 
when in 1829 Neilson’s patent was tried at the Clyde Irort 
Works the benefit was unmistakable. During the first siix 
months of the year 1829, when all the cast iron at these worlcs 
was made with cold blast, 8 tons 1;| cwts. of coal, converted into 
coke, was required to produce a ton of iron; but during the 
first six months of the following year, while the air was only- 
heated to 300° P., the consumption of coal, converted into coke, 
was reduced to 5 tons 3 J cwts. per ton of iron made. The originstl 
.apparatus employed in these experiments is shown in Fig. 5, arLd 
will be afterwards described. In 1833 the temperature of blast 
was raised to 600° F., and the consumption of coal was further* 
reduced to 2 tons 5 ^ cwts. This last result was obtained wi-fah 
the use of raw coal instead of coke, as was formerly employed, t 

The introduction of hot blast was of special importance to 
Scotch manufacturers ; the fuel consumption was originally xixl- 

* E. J. Bliss in excavations at Tell el Hesy in 1892 discovered the remains 
of a furnace which had probably been employed for baking pottery some 
1,400 years b.c. In the sides of this furnace air passages were found which 
were apparently designed to supply hot air for combustion, the heat being 
abstracted from the walls of the furnace as in the modern Boetius system. 
It is difficult to suggest any other use for the passages in question than tlrat: 
assigned by their discoverer, and if this theory be correct then the use of 
hot air and fire-brick stoves is of great antiquity {Qitart. Statement Palestine. 
JExploration Fund, April, 1893, p. 108). 

t Scrivenor, pp. 295-299. 
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usually high in the ^oris where the process was introduced, and 
was generally higher in Scotland than throughout the rest of 
the country. The economy effected was thus Tery great, and it 
was accompanied hy the advantage that raw coal could iDe used 
instead of coke, and the use of raw coal is still continued in 
Scotland. 



But there was a third advantage to Scotch ironmasters. When 
the Carron Iron Works were established in 1760 ore imported 
from Lancashire and Cumberland was used, with coal and iron- 
stone from the neighbourhood, and limestone from the Firth of 
Forth. The Clyde Works were established near Glasgow in 
1788, and thus opened what is' now the most important iron- 
making district in Scotland. Black-band ironstone, which is the 
chief ore occurring in the west of Scotland, was discovered by 
David Mushet in 1801, and was used in mixture with other ores 
at the Oalder Iron Works shortly afterwards; it was first used 
alone by the Monkland Company in 1825.*^ Considerable diffi- 
culty ]iad been met with in treating this class of ore with cold 
blast, but it was found that hot blast was particularly suited for 
the smelting of black-band. Hence the use of hot blast rapidly 
spread in Scotland, and the production of pig iron, which was 
only 37,500 tons in 1830, rose to upwards of 200,000 tons in 
1840. Each furnace produced more iron, because less fuel was 
burned, and space previously occupied in the furnace by coke 
was now filled with ore; while the prosperity of the Scotch 
iron trade led to the starting of a number of new furnaces. 
The Scotch ironmasters were thus very ready to take advan- 
tage of Neilson’s discovery, but they were not so willing to* 
pay him royalties; and though they acknowledged the receipt 
of net profits of .£54,000 in a single year, N eilson only received 

* Mushet, “ Papers on Iron and Steel,” pp. 121-127 ; also J. Mayer, I/ist 
Jouni., 1872, vol. ii., pp. 28-35. 
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his royalties when his patent had been upheld by tlie Scottish 
Courts at Edinburgh in 1843, after one of the most memorable 
lawsuits of the century.^ When the advantages of the hot blast 
hadthus been demonstrated in Scotland, it was ultimately adopted 
•throughout the whole of the iron trade*, exc(‘pt whcua'i sp('<nal 
uniformity or strength was required, and in all easels its intro- 
duction was accompanied with increascid pi oduettion, ami with 
marked economy of fuel. As in S. Wales and StallordsluK’: Ihe 
coal consumption originally was not so excessive^ as in Scot-land, 
the reduction in the fuel consumption was not so grt‘a.t, and was 
usually less than a ton of coal per ton of ])ig iron prodmaal. 
According to Dufrenoy the saving to Scotch ironmasters was 
26s. per ton of iron, and only Is. 8(1. in S.^ Wales, f di (uudi 

district some special advantage was noticecl in a-ddition t() tlu^ 
increased yield and fuel economy; in S. Wah's tlu*- us(^ of hot 
blast allowed of the employment of anthra(‘it(j (;oal in iron 
smelting, and for a number of years this was ii v(U‘y imjiortant 
industry ; while in Staffordshire it allowcul of the sundting ot 
cinder and other materials which could not prciviously be tretatcul 
in the blast furnace. The use of tlu^ hot blast for snudting iron 
with anthracite was also introduced into tlu^ United Stat(‘s, 
and thus was laid the foundation of that gr<‘at industry in 
eastern Pennsylvania wdiich has since grown to sutdi (mormons 
proportions. 

Improved Shape of Blast Eurnaeo.— The greatly inerea-scul 
output due to the use of hot blast diimctcHl attimtiou to tlui 
theory of the blastfurnace, and thus about tlu^ sanui tinu^ ol-luu’ 
important impi'ovements were introduecul. Oiu^ of tht^ Ihtmdart's 
furnaces, near Pontypool, built as usual with a top only fihout 
3 feet in diameter, and carrying l)ut litthi hnnlim, by sonu*. 
means gave way so that the filling ])la(‘.e wideiu'd to about 0 had.. 
This accident was immediatedy followcul by a e,ooler top, by a 
better quality of iron, and by a largca* w('(ddy yi(d<l. During 
the next few years the improvermmt thus aceidcmtally diHeovaua'd 
was generally adopted, and the dianud-cu* of tlu^ t-hroat of tlio 
blast furnace was enlarg(*,(l to about 10 had-,}; hut th(% most 
important improvement in the form of tlu^ blast furnata^ 
w'as inaugurated about tlio same time in StaflordHlun^ ; th(^ 
changes thus introduced ](‘d to StaflbrdsliiiT^ Ixasotning for a 
number of years the chief iron producing distriedi of tln^ world, 
and laid the foundation of the gr(‘at(a* (hivcdopnuvutH af't<vrwardB 
introduced in Cleveland, and still mon^ remeuddy in Amend cm. 
In 1832, T. Oakes erected a furnacci for J. Gibbons at Gorbyids 
Hall, and fortunately both of these gcmtlmnen had larges erx- 
perience with blast furnaces. They had noticed that in tlie 

* Percy, p. 306, et seq. 

t Bell, Iron Smeithig^ p. 362, 

t Scrivener, p. 283. 
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old form of furnace, with small square hearths, as shown in 
section in Pig. 6, the furnace took some months to arrive at its 
maximum production ; and that by this time the sides had been 
much melted away, that the hearth had become round, its 
diameter had much increased, and the boshes had worn away 
so as to be much steeper than they were built originally. 
Gibbons' idea in building his furnace was to give to the newly 
constructed stack as nearly as possible that internal shape which 
furnaces that were known to have worked well had formed for 
themselves in actual practice. The hearth was, therefore, made 
circular and of increased diameter (4 feet 3 inches), while the 
boshes were made steeper, and the upper parts of the furnace 
lining were scooped out to give greater capacity. The capacity 


I), Sq[uare hearth. 

0 , Twyers. 

t Cold blast pipe with 
leather connections. 

R, Passages in masonry. 


Fig. 6.— Section of old blast furnace with sq^uare hearth. 

of the furnace was increased from about 2,700 to 4,850 cubic 
feet, and as the height was increased from 45 to 60 feet and the 
throat was widened, the increased capacity was chiefly in the 
upper part of the furnace. The result was that the fuel con- 
sumption was reduced, the furnace came to its maximum pro- 
duction much earlier, it worked more regularly, and required 
fewer repairs; at the same time the production of pig iron 
increased to the hitherto unapproachecl weekly output of 115 
tons."^ 

In 1838, T. Oakes started the Ketly Iron Works, in which, 
he carried these improvements still further. Three furnaces 
were erected 60 feet high, with 16 feet bosh, and a circular 
hearth 8 feet in diameter. The blast pressure was increased to 
4 pounds to the square inch, and it was introduced by means of 
six twyers. The yield of pig iron was by these changes enor- 
mously increased, reaching 236 tons of cold blast pig iron per 
week, a quantity which, with cold blast, has seldom been ex- 
ceeded. By the general adoption of the improved furnace 
lines now introduced, and by the use of hotter blast, the pro- 
duction increased until in 1854 a weekly yield of 300 tons, or 



Scrivenor, pp. 285-288. 
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■upwards, was not uncominon, and the average throughout the 
whole of the United Kingdom had risen to 106 tons. A general 
view of a S. Staffordshire furnace of the period, together with 
the pig hed and hot blast stoves, is given in Pig. 7. The 
changes which led to this marked increase in production were, 
thus the use of hot blast, and greater blast pressure, with more 
twyers; the introduction of circular hearths of increased diameter^ 
and steeper boshes; and the increased height, and the greater 
capacity of the furnace, particularly in the upper portion. These 
changes foreshadowed others, on similar lines, introduced later 
in Cleveland and America. 



Pig, 7. — Staffordshire blast furnace, 1854. 


Improvements in Puddling. — The period of which wo are 
speaking was, however, memorable for improvements in other 
directions. In 1830 the Bloomfield Iron Works in Staffordshire 
were founded by J. Hall, who invented the modern system 
of puddling. The introduction of '‘pig boiling” was the first 
step in the direction of improvement, and originated in an 
attempt to recover the waste due to the accumulation of slag 
and scrap iron in the boshes in which the puddlers cooled their 
tools. This waste was successfully treated, and a superior 
quality of iron obtained, by heating it to a very high tempera- 
ture in a puddling furnace. During this operation the whole 
mass "boiled” violently, owing, no doubt, to the evolution of 
carbonic oxide, and the slag and metal were thoroughly fluid 
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until the end of the process. The success of this experiment 
led^ Hall to apply the same method of working to pig iron, 
ultimately with complete success in this case also. The advan- 
tages derived from the change were that grey iron could be 
used in the puddling furnace without the preliminary process of 
refining, larger charges could be employed, and the tendency to 
“ red-shortness was greatly diminished. But it was found that 
the sand-bottomed furnaces allowed the fiuid cinder to run out 
during the melting, and the sand, which had previously been 
useful as a flux, was itself a cause of loss now that more 
siliceous pigs were employed. Hall, therefore, introduced 
cast-iron plates,'^ cooled by the circulation of air outside, and 
protected inside by a layer of old furnace bottoms. As the new 
method of working extended, old furnace bottoms became more 
and more difficult to obtain, and a substitute had to be provided. 
This was at last procured by calcining the cinder from the 
same process, whereby it was oxidised and rendered less fusible, 
and suitable for lining the puddling furnace so long as only 
fairly ])ure iron was employed ; afterwards, as less pure iron 
was treated, more infusible furnace linings were substituted. 
Hall obtained a patent for calcining tap cinder for this purpose 
in 1839, and thus the old method of puddling on a sand bottom, 
with ])revious refining, gave way to the process invented by 
Hall, whoso improvements included the three separate ideas of 
working at a high temperature, or “boiling,’’ the introduction 
of cast-iron bottoms, and of a furnace lining containing a large 
proportion of oxide of iron.f 

Manganese in Steel Melting. — A century had passed since 
Huntsman introduced cast steel, and no improvement of import- 
ance had taken place in this branch of manufacture, when in 
1840 the use of manganese was adopted by the Sheflield steel- 
makers, it having Ijeen patented by J. M. Heath for this purpose 
in thc‘ previous year. Heath had been employed in the Civil 
Service of the East India Company, and his attention had been 
directed to* the development of the manufacture of steel in 
India, in which he aebiovod considerable success; and on re- 
turning to this country he carefully studied chemical analysis,, 
and with the assistance of Dr. Ure and David Mushet, he 
investigated the influence of manganese on cast steel. He 
discovered that the addition of manganese during tlie melting 
of crucible steel greatly improved its welding properties ; while, 
l)y allowing of the use of British iron, it reduced the cost of 
manufacture by about 50 per cent., and at the same time ren- 
d(ired this country in a great measure independent of those 

* Iron bottoms had been used by S. B. Rogers, of Nantyglo, as early as 
1818, and gave increased production with less waste. (Percy, p. 6o2.) 
Hall was, therefore, not the first inventor of iron bottoms. 

t J. Hall, The Iron Question, pp. 20-33. 
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supplier of Russian and Swedish iron upon which it had previ- 
ously relied for the production of steel of the first quality. 
Heath added his manganese in the form of carburet 
metallic manganese containing a few per cent, of carbon, and 
in his patent he directed that this should be used. But in 
introducing his process, through an agent named Tin win, he 
directed that this carburet should be prepared in the cr\icible 
from oxide of manganese and coal tar, and he supplied Unwin 
with these materials for the purpose- Unwin shortly afterwards 
ceased to act as agent for Heath, set up as a steel manufacturer 
himself, and refused to pay any royalty ; in this he was sup- 
ported by a number of other manufacturers, who made common 
cause against Heath. Heath was thus the author of an inven- 
tion conferring commercial profits to be reckoned by millions ; 
and he described the invention according to the best of his 
knowledge at the time. The manufacturers adopted a process 
that was chemically equivalent, and one that was communicated 
to them by the inventor within a few months after the date of 
his patent, while the invention was on its trial. Its adoption 
led to a saving of from 40 to 50 per cent, on the cost of the 
steel, and the royalty demanded by Heath was only one-fiftieth 
of this saving. Payment was refused by a section of manufac- 
turers, who created out of their savings a fund to contest his 
rights, while all the expense of the fifteen years’ litigation fell 
upon him. After he had with his own hands arranged his stall 
at the exhibition of 1851, he died, leaving his case to be carried 
on by his widow. The result of fifteen years’ litigation was 
that, of thirteen judges, seven w’-ere in favour and six against 
the claims of Heath; of the eleven judges of the House of 
Lords, seven were in favour and four against his claims ; and 
the House of Lords ultimately decided, in favour of the minority, 
against Heath.* 

Use of Blast Furnace G-ases. — ^While thus the steel trade 
benefited enormously, and the uncertainties of tlie law killed 
the inventor, im])ortant improvements were introduced in other 
directions. In this country blast furnaces had hitherto always 
been constructed with open tops, and the combustible gases were 
allowed to burn as they issued from the furnace. In Prance, so 
early as 1814, M. Aubertot had employed the waste gases for 
preparing steel by the cementation process and for the burning of 
bricks. In 1834, an attempt was made at the Old Park Works, 
Wednesbury, to heat the blast with furnace gases, by means 
of a cast-iron cylinder placed inside the tunnel head at the top 
of the furnace. But it was not till 1845 that J. P. Budd, of the 
Ystalyfera Furnaces, obtained a patent for heating the blast in 
stoves fired by the waste gases from the blast furnace, and this 
invention was applied with a marked economy of fuel. Shortly 
* The Case of M, Heath, by T. Webster, F.It.S., pp. 5-15. 
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afterwards, Mr. Budd also employed waste gases for heating 
boilers as well as for heating the blast, and these improvements 
were adopted, and, in some cases, improved upon by other iron 
makers. Iron ore was calcined by means of waste gases from 
the blast furnace in 1852 at Coltness in Scotland, though this 
has not come into very general use.* The arrangement for 
closing the top of a blast furnace, known as the cup and cone,’^ 
was introduced by G. Parry at Ebbw Yale in 1850, and it is 
now very commonly adopted. At Ystalyfera the gases were 
drawn off by means of chimney draft through openings below 
the level of the materials in the furnace,! and this method is still 
sometimes employed. 

When closed tops to furnaces were first introduced some diffi- 
culties were met with, and in certain cases it was noticed that 
the r(^sulting iron was inferior to what had been previously made. 
Br. Percy (p. 472) quotes an experiment, by S. H. Blackwell, of 
Dudley, in which it was found on applying the cup and cone 
arratigement to a furnace which had ])reviously been making 
grey iron, that nothing but white iron could be obtained, even 
when the fuel was increased. But this difficulty, which caused 
a ])rejudice against the cup and cone arrangement, has been 
shown by W. J. Hudson J to have been due to other causes, and 
long experience with closed top furnaces, in almost every iron 
making district of the world, has proved that the quality of 
iron is unchanged, while the consumption of fuel is reduced, 
by the adoption of the closed top. 

Opening of the Cleveland District. — In 1850 the Cleve- 
land district was opened up by Messrs. Bolckow & Yaughan, 
who, in 1851, erected three furnaces at Middlesbrough. In 
1(853 Ml^ssrs. Bell Bros, founded the Clarence Iron Works, and 
othcu' manufacturers soon followed. What had been a thinly 
p()l)alated agricultural district, became a great manufacturkig 
C(‘ntr(3. Employing Durham coke, which is said to be the best in 
tlie world, possessing an almost inexhaustible supply of ore, which, 
if not rich, is uniform and easily smelted, and having the advan- 
tage of s(!a carriage, Cleveland rapidly advanced, until it became 
the cliiof iron producing district in the world, and its annual pro- 
duction was reckoned by millions of tons. In 1851, also, owing 
largely to S. H. Blackwell, the Northampton district was opened 
up, and soon produced iron in considerable quantities at a com- 
paratively low price ; at the same time, the production of Derby- 
shire was largely augmented, and the trade of the United 
Kingdom rose by leaps and bounds. 

Extended Application of Wrought Iron. — The manufac- 
ture of wrought iron kept pace with the production of the raw 

* F. J. Rowan, '‘Iron Trade of Scotland,” Inst. Journ., vol. ii., 1886. 

t Percy, pp. 462-468. 
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material. In the earlier days of the steam engine and of the 
railway, cast iron had been used for constructive purposes, even 
for works of the first importance, such as the high-level bridge 
erected by Stephenson at ISTewcastle-on-Tyne. Cast iron was 
also almost exclusively used for cannon, and its properties had 
been most carefully investigated by Hodgkinson and Pairbairn 
in their classical researches. The first sea going iron ship was 
built by Hodgkinson of Liverpool in 1844, and, with the erection 
of the building for the Great Exhibition of 1851, wrought iron 
came to be the chief material for constructive purposes ; the rail- 
way station at Birmingham was erected immediately after, and 
bridges, rails, buildings, and ultimately ships and ordnance were 
all made of malleable iron. Just when, in 1856, the demand for 
iron was thus increasing in every direction, the world was 



Pig. S, — Blast furnaces at Barrow, 1865. 


startled by the announcement of Bessemer’s invention. The 
changes thus inaugurated will be discussed in another place, but 
for some years the manufacture of steel did not in any way 
reduce the demand for iron. It did, however, lead to the open- 
ing up of the hjBmatite deposits of Cumberland and Lancashire ; 
for though these districts had been worked from very early 
times, on a limited scale, it was not until Bessemer had created 
a demand for a Y)ig iron free from phosphorus that the Barrow 
Works were started in 1861 ; and as other furnaces were erected 
in the district soon afterwards, an important addition was made 
to the iron making resources of this country. In Pig. 8, which is 
reduced from Kohn’s Iro?z Manufacture (frontispiece), is shown a 
row of blast furnaces erected at Barrow-in-Purness at this period. 

Development of the Blast Purnace. — A number of new 
sources of iron having thus been opened up, the next ten years 
were spent by ironmakers in developing the blast furnace, which 
had been but little altered for a quarter of a century. Pig. 9 
shows in section a Staffordshire furnace of about the year 1860, 
and fairly represents the general practice of the time. Such 
a furnace would be not more than 58 feet high, with a capacity 
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of 7,000 cubic feet, and many -were about 46 to 60 feet higb, 
With a capacity of less than 5,000 cubic feet. The weekly pro- 
duction of a blast furnace was 
then about 200 tons, and the 
fuel consumption not less than 
SO cwts., and frequently as 
much as 40 cwts., of coke per 
ton of iron made. Furnaces 
designed on the Staffordshire 
model were erected in all the 
new districts above mentioned. 

The revolution which fol- 
lowed originated around Mid- 
dlesbrough. The first furnace 
erected in the Cleveland dis- 
trict was only 42 feet higb, 
and had a capacity of 4,566 
cubic feet ; during the next 
ten (years a number of fur- 
naces were erected in the 
neighbourhood, but no import- 
ant changes were introduced. 

In 1861 Messrs. Whitwell 
built three furnaces at Thor- 
naby, 60 feet high, and with 
a capacity of nearly 13,000 
cubic feet; in the following 
year Messrs. Bolckow & 

Yaughan increased the height 
to 75 feet, though the capacity 
was only 12,000 feet. The Tig, 9. — South Staffordshire blast 

first furnace erected by Mr. furnace, 1860. 

Samuelson, built at Newport 

in 18G4, was 68 feet high, and had a cubic capacity of 15,300 feet. 
In 186G Messrs. Bolckow & Yaughan, with about the same capa- 
city, adopted a height of 96 feet, and in 1868 this furnace was 
enlarged, without altering the height, to a capacity of 29,000 
cubic feet. In 1870 the extreme height of 106 feet was reached 
at Ferry Hill, in Durham ; while in the following year a furnace 
was erected by Mr. Cochrane 92 feet high, and with a capacity 
of 42,500 cubic feet.* 

Thus in ten years the average height of a blast furnace in 
Cleveland had nearly doubled, and the cubic capacity had 
increased from six to ten fold. As might be anticipated, the 
make per furnace increased, though not in proportion to the 
increased capacity, and rose from 400 to 500 tons of pig iron 

* Sir L. Bell, Chemical Phenomena of Iron Smelting, Preface. Tor full 
details and drawings see Jno. Gjers, Inst. Journ., 1871, p. 202. 
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per week. The furnaces also worked more regularly; but the^ 
great advantage derived from the erection of larger furnaces was 
in the reduced fuel consumption. The amount of coke used 
per ton of mon was diminished by about one- fourth of that 
previously employed, and did not exceed 22J cwts. in the best 
furnaces. 

In addition to the alterations of height and capacity, other 
changes took place in the form of the blast furnace which 
deserve mention. The old form of furnace, built of massive 
masonry, with an external shape of a truncated cone resting 
upon its base, was unsuitable for larger erections ; it was there- 
fore replaced by a lighter form of construction, with a wrought- 
iron cylindrical casing, supported upon cast-iron pillars. The 
walls of the furnace and the lining of the hearth were made 
much thinner than formerly, the internal shape of the lining 
being to a great extent preserved by the cooling effect due to 
the atmosphere, and radiation through the thinner walls of the 
furnace. 

Subsidiary Improvements in Blast Purnace Practice. — 
An important improvement in a different direction was generally 
adopted about this time. Iron ores were originally calcined in 
open heaps, and in certain districts this wasteful and unsatis- 
factory method is still adopted. Pectangular kilns were after- 
wards introduced, and these were at first very simple contrivances 
and intermittent in action. But circular calcining kilns shaped 
like a blast furnace, but shorter and of greater diameter, were 
now adopted in Cleveland, and very generally in other dis- 
tricts where calcination is necessary. These kilns give a more 
uniform product, and occupy less space ; they save fuel and 
labour, and protect the materials from the effects of inclement 
weather. 

A further improvement was introduced in Cleveland shortly 
after 1860. In the older forms of hot-blast stoves the air 
was heated by passing through a series of cast-iron pipes, 
and only a moderate temperature could be obtained owing to 
the danger of melting the pipes. But the adoption of the 
regenerative principle of gas firing by Sir W. Siemens introduced 
a system which is one of the most important, and perhaps 
theoretically, the most beautiful, of modern metallurgical inven- 
tions. A fire-brick stove on the regenerative principle, heated 
by the waste gases from the blast furnace, was invented by 
Cowper, and another of different construction by Whitwell, and 
thus it became possible to obtain blast at a much higher tem- 
perature, so high indeed as to be actually red-hot, so that 
the iron pipes conveying the blast are now often visibly red at 
night. The additional heat imparted to the blast led to a’ fur- 
ther diminution of fuel consumption, and it became possible to 
produce a ton of iron with 20 cwts. of coke, or with about 2T ^ 



cwt.H. coal. At» th(* Hiuno iinio an inoroast'd yitdd wan 

obtaiiM*d (u>rr(‘spondin^ tn ilu^ dinuuiHlu'd find conHuiuptiou. 

Tilt* tjoutinuctl iucrcam^ in ilu^ production of thcs blast funuuM', 
tbuH lirou<^ht about by succt'ssivtt iuiproviUiKuiiH, u(‘c<*HsUai(‘d 
otbt*r idiau^tiH in tiu^ <lt‘tails of furuact* d(‘.si;^n. mtunid of 

(*artl^ or tint inclin<% alon^ wliicli tint small <|uaut,i(ics of 
iaat«*rials wcrt* previously tlrawn, was r(‘plm‘cd by powm'ful 
liHo capabb* of (rcai iuj^ ( In^ cimriuous wciglits now cmpbtytal. 

(dd fashiontHl beam eiijLiciiies usetl for protluelipi^ tint blast 
‘Wt*n‘ rt‘plaeed by powtu'ful imiciiiuerv eapablt* <d' forcing an 
im*renst‘il vtdunn* of l>lasi at a prt*ssurt' of b to 7 lbs, to ibo 
H([uar('. inch. Small pi*^ bctls wma* replaeisl by lar‘i;<* areas suit- 
able to tin* inereused production, wltiU* railways liav<* becui 
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|j^<‘nerally introtiuctsl tbr removintt; the lar<^«‘ weii^lit. of slniij pro™ 
duced by a moil»*rn furnace. Lastly, tin* o|H‘n forepart, wliitdi 
was fornnudy universal, was in a numiier of <*as(‘s lamioved, as it, 
was found that in many districts <doscd furnact's ‘^ive an in- 
creased yi<dd anti ^^reater rej^ularity of vvorking. 

Thus about lS«'**i), ns a result in a Rrt*at measurt* of diststvendt'a 
and inventitms oris^inatinii within lier own shores, (Irt'at. Britain 
oetmpied tin* leuilin^ positnui in tin* iron truth* of the world, and 
<d. vidand was the nmst iniptuinut inm protlucin;^ distrioL 
^Lvini.^, btiwever, to tin* j^rcat udvnnees (bat Innl been made in 
the production nml applicatitui of Kb‘el, the wrought iron trade 
liad ctuninencetl to tlei'liin*, and the annual prodiic*tion of thin 
cluHH of material decreased n*latively to steid year by year until 
about IHbO, witeu on the (’ontiuent and in Amerii'a tlu^ produc* 
tion iun’c* a;4aiu increased, wdiile it nnir<^ than hehl its own in 
this country. It is p{*rbnpH too i*arly to Hp(*ak <h*ilni((‘ly on Uuk 
ptdnt at presi'ut, but iron luunufai’turcrH btdii'vcil that wrouglit 
iron and at<*el bad now found their rt'lativi* positionH, and that 
the produetitiu id’ the idder mutt*rial would nut Htiriously Hulfer 
in tin* near future,* 


iMroUTATIUN OF N0N-Fit08IUl0Hia Oum 

Arnonx lin* eliangea due to the iiitruduction of steal making 
may be noted the importation of largo cpiantitiei of iron on*, into 
tins country, chiefly from Hpain, hut also, though to a Kmaller 
extent, from other countrioM. Hjmniiih om m frf*(^ from phoa* 
pliorus, and Is uscil in iron iimknig distrioti situatc*d near the 
MCfi, particulnrly in Houth Walox* Clevidand, and the* West ofb^cot- 
laiui, for tlio production of pig Iron auitablo for tln^ nnuudactur© 
of stetil by the acid proce»m*s. 'rhia importation of ore Iia« 
grown tti inch proportions that at |irasant aliout on«» fourth of 
the pig iron made in the United kingdom i» made from ore 
ilupped fro III abroad. 

* Sir J. KlUottp ImL Jmm,^ 188% vol. L, p. 14, 
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Modern American Blast Furnace Practice. — Previous to 
the year 1880, from which the modern development ^ may be 
considered to begin, the production of the American irom works 
was comparatively small. The weekly production of blast hhrnaces 
in Staffordshire and Scotland in 1880 was about 300 tons, that 
of the larger furnaces in Middlesbrough did not exceed 500\ tons, 
and was usually less, while the greatest outputs were obtained 
from furnaces smelting the rich Cumberland or Spanish l|res, 
•and did not exceed 700, or at the very outside 900 tons per w^^. 
The first iron furnace in America was a bloom ery erected 
Tirginia in 1619, and the first blast furnace with forced blas#^ 
was built about 1714 in the same State. The ore smelted was 
the gossan, or oxidised cap of deposits of cupriferous pyrites. 
Shortly after the Bevolution numbers of charcoal furnaces were 
working; while the Eastern Pennsylvanian anthracite district 
was opened up soon after the introduction of hot blast. The 
growth of the Western Pennsylvanian or bituminous district is of 
a later period, while in Alabama and other Southern States iron 
making is of very recent origin.”^ In America in 1871 the 
Struthers furnace in Ohio had a weekly output of about 400 tons, 
and this was probably the maximum make per furnace at the 
time. In 1876 the Isabella furnace at Pittsburg made 560 tons of 
pig iron per week, with a coke consumption of 3,000 pounds per 
ton, and a furnace capacity of 197 cubic feet per ton of iron 
made daily. In 1878 at the Lucy furnaces, also at Pittsburg, 
with a coke consumption of 2,850 pounds, a weekly produc- 
tion of 821 tons had been reached ; but oven these relatively 
large yields were little if at all in advance of British outputs. 

Matters were completely changed after the erection of the 
Edgar Thompson furnaces in 1879. The first blast furnace 
erected at these works was originally worked as a charcoal 
furnace in Michigan, and was removed to the Edgar Thompson 
works and re-erected in 1879. Its height was 65 foot, and the 
hearth was 8-5 feet in diameter ; the boshes were made steeper 
than usual, having an angle of 84°, while the angles inside the 
furnaces were rounded as much as possible so as to oiler less 
resistance to the descent of the charge. The capacity of this 
furnace was only about 6,400 cubic feet ; and the volume of air 
used was 15,000 cubic feet per minute, or as much as was used 
•elsewhere with double the capacity. The furnace reached a 
weekly output of 671 tons of pig iron, with a consumption of 
coke^ equal to 2,343 pounds per ton of iron made. This was 
considered such remarkably good work for so small a furnace as 
to be received by many iron masters with incredulity. 

The second furnace at the Edgar Thompson works was put 
into blast in 1880. It was 80 feet high; the diameter of the 
boshes was 20 feet, of the hearth 11 feet, and the capacity was 
* Inst. Journ., 1891, vol. ii., p. 232. 
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nearly 18,000 cubic feet. It was well equipped with stoves of 
niodern construction, and supplied with more boiler and engine 
power than had been usual hitherto. The volume of blast 
reached a maximum of 30,000 cubic feet per minute. The ore 
inixture contained about 55 per cent, of iron, and the weekly 
make rose to 1,200 tons, though the fuel consumption was as 
high as 2,750 pounds of coke per ton of iron. Another furnace 
built in 1882, after some experience in rapid driving had thus 
been gained, reached a weekly output of 1,500 tons, while the 
fuel consumption was somewhat reduced, and now stood at 
2,570 pounds of coke per ton of iron made. 

These results excited much friendly rivalry among the blast 
furnace managers of the United States, and large makes became 
the order of the day, each manager endeavouring to beat the 
record for large yields, though frequently by means of an 
enormous waste of fuel. But in 1885 it began to be more 
generally recognised that it was possible to obtain large yields 
without a high consumption of coke, and attention was soon 
directed quite as much to beating the record for small coke 
consumption as for maximum production. The volume of blast 
used was therefore somewhat reduced, while to preserve the 
shape of the furnace, water blocks were introduced around 
the hearth and sides. This latter improvement was adopted 
because it was noticed that as the sides of the furnace wore 
away from the shape which experience had proved to be best, 
the fuel consumption largely increased. In 1886 a furnace was 
started at the Edgar Thompson works which reached an average 
production of 2,035 tons per week over a period of five months 
working, while the amount of coke required was only 1,980 
pounds per ton of pig iron. The same furnace was redined and 
blown in again in 1889 ; it reached a maximum weekly produc- 
tion of 2,462 tons, and the coke consumed in this furnace in 
1890 fell to 1,882 pounds, or 16-8 cwts. per English ton of iron. 
The ore used was rich, containing 62 per cent, of iron ; the 
volume of air was 25,000 cubic feet per minute. This was 
lieated to a temperature of 1,100** E., and had a pressure at the 
twyers of 9*5 pounds to the square inch. In this case the 
furnace capacity producing 1 ton of iron daily was reduced to 
1)9 cubic feet. Tims in American practice the weekly make per 
furnace rose from 560 tons in 1876 to 2,500 tons in 1890 ; the 
furnace capacity needed to pi'oduco 1 ton of iron daily, fell from 
197 to 59 cubic feet ; and the consumption of fuel was reduced 
from 3,000 to 1,882 pounds per ton of pig iron."^ Even these 
results have been somewhat improved upon recently. 

Urged by the energy and skill of iron makers, supported by 
the requirements of a rapidly developing country, and protected 

J. Gayley, ** Development of American Blast I'urnaoes,” Imt. Journ.f 
1890, voL ii., pp. 18-80. 
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by tariffs, the iron trade of America made marvellous strides 
from 1885; and 1890 is memorable in the history of the iron 
trade from the fact that in this year for the first time the 
United States took the first place among ^ the iron-making 
countries in the world ; a position Great Britain had so long 
honourably maintained. In 1890 the production of pig iron in 
the United States reached nearly 10,000,000 tons, while that of 
the United Kingdom was not quite 8,000,000 tons. 

The introduction of the basic process into Germany about the 
year 1880 also led to the employment of a class of ores for steel 
making which are very plentiful in that country, but which 
were not suitable for the production of steel by the earlier 
systems. This led to a considerable development in the steel 
trade of Germany, and combined with the general prosperity 
of the country, caused a great increase in nearly all branches 
of the iron trade, so that the production of pig iron has rapidly 
increased year by year, and is now more than half of that of the 
United Kingdom. Large outputs are also not uncommon in 
German practice ; in 1890 at Ilsede a daily production of 192 
tons was reached, while a daily average of over 176 metric tons 
of basic pig iron was obtained.* 

* Inst Journ., 1891, vol. i, p. 350. 
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OHAPTEE III 

THE AGE OF STEEL. 

1. I'liK Bkrhkmkr Process. 

The of in which wo now live, may Justly he considered’ 
to havi* iMmujHUHMHi with tln^ nmetiiig of tlie British Association 
for iUv Ativaiusnmmt of Science In^d at Clieltenhani in 1850 ; 
for it. WHH^ on this ticcasion that Sir .Henry BosscTncr first 
made public tlie pnJcc'SH whicli a fow years afterwards revoh 
litiuniHcd tiu' trade of iht\ world. It has already boon pqjiitod 
out that Ht-eel wan known ladore tlio coimnoucexnent of the 
(’hristian era; that the*, (nnmaitatioa process liad boon employed 
fVom a remtdc pcmiocl j that Huntsman had introduced themanu- 
facture of cast Hiecd ; and that Heath had patented the addition 
of inangani'He. Eminent Hcicmtifie men had already studied 
tlie naiuni <»f Htmil ; in 1722 IhuLumur puhlislied a treatise 
on 7*Ac of Bar Iron into SteeX and described the 

prcMluetion of sietd by iliKSolving wrought iron in a bath of 
molten east inm ; in 17SI Ihu'gman clearly stated that steel 
diflered from wrought iron in that it contained more carbon; at 
the In^ginningof tlu^ iun(d4Hmth century ►Sir H. .Davy investigated 
tiu^ hardening and tempcnnng of steel; and later, Faraday made 
Home important obw^rvationH on composition of diflbrent 
varicth^K of this matm’ial ; while other investigators, scarcely 
IcMH famous, had cont ributed to the same enquiry. But prior to 
IHhG the pffHhu’titm of sietd was comparatively small, its use 
was re«iri(d4*(l to the prcKlucticui of cutlery and tools, and it was 
fio costly tliat cant niend had never ba(ni sold in Sheffield for loss 
than £50 per ion, 

B©ss©m©r’8 Early Life and Experiments.— Born in IB\3> 
at CharltoMi in HertfonUhire, the youngest son of a very ingeni- 
ous French refuges*, and recfdving an ordinary oducatioxi in the 
neiglibouring town of Hitchin, Bimsemer early exhibited indica- 
tions of an invtuitivex gtuuvm. At the age of eighteen h© was 
working in Txjndon m a designer and modeller, and in 1832 h© 
exliibitcd one of las modeds at the Koyal Academy. After 
having invimtcd tlu^ method of stamping deeds now in use, and 
thus, by preventing fraud* cdlect ing a large animal saving to the 
country, without liimeelf deriving any pecuniary benefit, he 
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introduced improvements in the casting and setting of type, and 
various other inventions, with more or less success; but he 
succeeded in making a considerable sum of money by carrying 
on a secret process, invented by himself, for the production of 
bronze powder. He had thus earned the title of “ the ingenious 
Mr. Bessemer” in the public press before he turned his attention 
to the metallurgy of iron and steel. The Crimean War directed 
his attention to the subject of projectiles, and he invented a 
method of imparting a rotating motion to a projectile when fired 
from a smooth-bored gun. This was tried, with satisfactory 
results, by the French Artillery Authorities, and Hapoleon III. 
was very generous in his support of the experiments at this 
stage. 

Bat it soon became evident that the cast-iron guns then in 
use were wholly unsuited for the more powerful projectiles pro- 



Fig. 10. — Early form of Bessemer converter. 


’posed by Bessemer, and he therefore set himself to discover a 
stronger material for the manufacture of ordnance. When he 
commenced this task he had little knowledge of the metallurgy 
of iron, and no idea how he was to accomplish what he desired. 
In 1846 J. D. M. Stirling had patented a method of “ toughen- 
ing ” cast iron by the addition of a quantity of malleable iron, 
and this process had mot with considerable application. In 
1855 also (JSTo. 2618), Price and USTicholson had patented a method 
of strengthening cast iron for ordnance by mixing ordinary grey 
iron with refined iron in suitable proportions; and in May, 
1854, James Nasmyth patented the introduction of steam helow 
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the surface of molten cast inm to oxidise the impurities. Thus 
others were working to produce a strengthened nu^tal for ord- 
nance, ami the use of oxidising agtuits, introduced inuUn* 
surface of the xnolten metal, had htnui already suggesttHl These 
ideas appt^ar to have fornual tlie l)asis of the exp<Timents of 
Bessemer. Ihn first |)atented the use of air as an oxidising 
agent in October, 1855, and in his early experiments only pro- 
duced ndintul iron. But, <mcourag(al hy his success, h(^ directed 
his attcmtit)n to the manufaeture of tualleahle iron. 3 1 is first 
(^xperiimmt. was coiulucital in a erucibhi with a f(^w ])oundH of 
imd;al ; the iron nuuaimsl fluid till the (*nd of tlie operation, and 
thi^ product was malh^ahh^ Much <‘ncouraged hy this nmilt, he 
proHinniieil his ri\s(‘arch(‘s, his idea being to employ a number of 
cruciblrs and pipes to delivt^r th(^ air. Ultimately he adoptcul 
th(^ plan of introi luring tlu^ air from tlie bottom of a large con- 
vert«u% an (*arly form of whieh is shown in Fig. 10; this was 
|>at<mtt‘d in h'ebruary, 1850. His first experiments on a largo 
Hcalo wt^e eomiuctf‘d at Baxt(',r I louses St. Pancra.s, London; 
a circular vt*HHel 3 fe(‘t in diameter and 7 f(Hd» high was employed, 
the ehargfi wtngluHl 7 cwts., and the operation was comphvtely 
HUceesHful. 

Tho Bossomor Procosa boforo the Public.— Bessenuu* was 
astonished at his ttwn success, and particularly at the fact that 



Fig. IL— ©xpiirirticati at Baxter Homo (after Foppcir). 

the highest tomp«'^raturo known in the arts coultl he produeed 
by the simple intriHluction of atmospheric air into fluid ciwit 
iron. He now devoted six months to further exiamiments, 
which involvedanoutlay of over £3,000, and was then persuaded 
by Mr. liiinnie to make the first public announcement of hi® 
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process at tlie Cheltenliam meeting of tho Britisli Association 
on August 11, 1856, the title of his paper being ‘‘The Manu- 
facture of Malleable Iron and Steel without Fuel.'' The excite- 
ment that followed was intense ; several public trials of the 
process were made at Baxter House with very satisfactory 
results, the pig iron used by Bessemer being low in phosphorus 
and obtained' from Blaenavon. Numerous experiments were 
tried by iron manufacturers throughout the countiy, in some 
cases with, success ; but in otluu' instancos complete failure fol- 
lowed, the iron made being rott(m whmi hot, and brittle when 
cold. The reason for these failitr(.)s was at first imperfectly 
undet'stood, though it was soon 1 ‘eeoguiscd that while Bessemer’s 
process removed carbon and silicon, it was incapable of elimin- 
ating the phosphorus present in the original east iron. The 
following remarkable passage oeeurred in a letter, dealing with 
the new process, written by Dr. Collyer on September 11, 
1856. Speaking of the injurious (dlects of jiliosphorus and sul- 
phur, the writer says : — 

“ The former I consuhm the most ])ernicious of all. I would 
suggest, with due dcfcvenco, that a stream of firudy pulverised 
anhydrate of lime (dry lime) he forced at a given time with the 
compressed air into the incandesccuit mass of iron. The lime 
having a great allinity for silica (sand) and phosphorus would 
form a phosphate and silicate of lirnf^, and bo thrown olf with the 
slag. By this contrivance I cannot conceive but that the phos- 
phorus would 1)0 entirely got rid olf.” It was nearly a quarter 
of a century heforo tlie basic process thus so plainly foreshadowed 
was successfully adopted in practice. 

Bessemor’s Difficultios.— -B(‘sseinernow recognised that the 
cold shortness observed in the product of his process with 
•certain kinds of iron was due to the proaonco of phosphorus, 
and that the success of his earlier attempts was due to the 
■employment of non-phospboric materials; he therefore tried to 
accomplish the rcmioval of the obnoxious element by modifying 
his converter linings so as to make his process as nearly as 
possible resemble puddling. But he shortly abandoned these 
attempts when ho found that lie could obtain Swedish iron, 
almost perfectly free from phosphorus, for .£7 per ton. His 
great initial difficulty was tlius overcome, but in producing steel 
from Swedish iron, Bessemer had two further difficulties to 
meet. During the progress of the “blow” in the converter the 
silicon and carbon were gradually eliminated until, at the con- 
clusion of the opei'ation, the resulting fluid metal was nearly 
pure iron ; it was in fact much purer tlian the best varieties of 
wrought iron imported from Sweden. It was thus too soft and 
malleable for the purpose of steel manufacture, and some method 
was needed whereby the required content of carbon could be 
obtained. At the same time the metal was often red-short 
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and eraekt'd, or cv(*n t‘ruml)led to pieces, when rolled at a rod 
ht^at. llotii of tiu^so diilicultii^s wore roiueditsd hy the addition 
of a Huitabh^ |)roport.ion of Hpiegel-eiseu,’' a variety of cast iron 
rii^h in niane^ancHt^ and carbon. 

Tlio importaiUM^ of iuan^au(‘Ko as an addition to Ilossemcr 
ftifud was nn-oL^uiscsl from tlu^ first by IL Miuslu't, who took 
out patents to cov(U’ all ]H}Hsihle mctluxls of introducing this 
<dc*tneut, his first, patent lK‘ing dated September 22, IShC). ilhit 
it has luMui aha^ady shown t.hat in all probability the Komaus 
used manganese t)re. for produeing steel. So (^irly as Decem- 
lau' ti, l7dU, a patent hatl btsm granted to W. Jt(\ynohLs, of 
Ketley, Salop, tor mixiJig t,h<^ oxitb? of nningaueH(‘ or mangauoBc^ 
either with cast, ir<»n, or with the matcu’ials from which cast iron 
is ]>roilueetl, in any proetxss for the conversion of cast iron into 
*sie<d, either in tlu‘- iinmWj bloomery, ]>ud<lling, or any other 
fnruaetx Heath had also employ<‘d manganeses in mon^ than one 
form for t in* prodm’t ion of cast stetd. Ik^ssiuner noiven* acknow- 
ledgtsl tin* validity of iMushot’s puttmts, though lie nuuh^ him a 
HUflitnent allowaiuM* in his lat<*r y(*,.irs to k(M‘p him W(dl r(imov(al 
fnnn p<na*rty, and tin* matter was not h\gally contested. In 
fact, Mnshc^t’s pattuds W(*r(^ allow(‘d to lapst^ wlnm tln^ tirst 
rtnunval fet*H Ishsuiu^ <lut*, though the author is informed hy 
I'ims. H, Chare (Muslud’s partin'!*) that this was owing to a mis- 
understamUng on tln^ part of those who were linanci ng the 
paitmis for Mushet, and not to any doubt as to tlieir value, 
'fin^ claimH of *Mush(d» in this connection have been fully dealt 
with in a book published by himsidf.* 

While the chemical (litheulties of the proce,Hs were thus bc'ing 
ov(*rconn% Hesseunu* intr()du<!ed a numlx'r of lucchauical im- 
provfUinmt.s in tln^ mid hods of working, tln^ most important of 
whii'h was tin* ust^ of a (umvm*t(u* niounttHl on an axis and 
capabh* of In'ing rot,at»‘d, ho as to bring tlio twycu'S above or 
behiw the fluid metal at will ; this improvmnent also providiul a 
reatly nnnins of iutrixlueing tln^ original (‘ast iron and of ])ouriag 
out the fluid steel, which has Inum almost univm'sally adopttal 
evm* sinci*. About tlu^ same time Hossmuor also tbund that the 
iron imule from tln^ luematiteon^H of (hunberland was well suited 
for the production of sUnd by his process, and he was thus pro« 
vided with an almmlunt supply of cast iron Huitahio for sUud 
making. 

Bessemer’s Buooosb.— A fter four years’ incessant labour, 
and an ex|Hmditure of .£20, 000 in experiments, the process 
was perfectc'd, and it is a rmnarkaVile fact that not only the 
first conci'ption, but also the mc'chanical details of the proci^ss 
wi're all originatiul by the same mind, and the invention left 
the hands of its originator so complete that no improvement, 

The Bmmmr-M'iuhet Process (CheUcnhatti, 1883). 
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except ia minor details, has since been introduced. It must, 
however, be admitted that the claims put forth in the title of 
Bessemer’s paper had not been realised, for fuel was still needed 
to produce cast iron in the blast lurnace, and fuel in another 
form is burned in the Bessemer converter. The Bessemer pro- 
cess also is incapable of producing the fibrous wrought iron 
which was the aim of the inventor in his early experiments, but if 
the process has failed when judged from these standpoints, it has 
succeeded in doing more even than its own inventor originally 
hoped, and has supplied a material which, for many purposes, is 
to be preferred to wrought iron, and which has now largely 
superseded the older material. 

But when the process was thus perfected an unexpected diffi- 
culty arose. So much had been heard of the invention at first, 
and so much had been hoped from it, that the disappointment 
at the early failures had been proportionally keen ; the process 
had been the subject of ridicule in numberless publications, and 
about 1860 the prejudice against it was so strong that no manu- 
facturer would look at it. Under these circumstances Bessemer 
and his partner EobertLongsden joined with Messrs. G-alloway, of 
Manchester, and erected steel works at Sheffield ; at these works- 
steel of excellent quality was produced and sold for engineers’ 
tools at <£42 per ton, while it was gradually introduced for rails, 
boilers, ordnance, and constructive purposes. In this way the 
value of the material was proved, and steel manufacturers learned 
its importance by the keen competition with which they had to 
contend. Thus the Sheffield manufacturers were forced to adopt 
the new process, Messrs. J. Brown & Co. taking the lead in this 
direction, and other firms throughout the country soon followed. 
The works thus started by Bessemer and his partners continued 
in operation fourteen years, when having accomplished the pur- 
pose for which they were erected, they were sold for twenty-four 
times their original value, while the profits had amounted to 
fifty-seven times the original capital ; thus each of the partners- 
received eighty-one times his original capital, or cent, per cent, 
every two months. The Prussian patent office refused to grant 
Bessemer a patent owing to an alleged want of novelty; the 
Belgian manufacturers thereupon also refused to pay royalty, 
and the leading French manufacturers after coming to England 
and studying the process at Bessemer’s works, and receiving 
from him detailed drawings for the erection of a plant, managed 
to delay its erection until a few weeks before Bessemer’s French 
patent expired, and never paid a single penny for all the infor- 
mation they had received. In spite of such dishonourable con- 
duct in some quarters, it is satisfactory to know that before the 
expiration of his patents the inventor received over a millioix 
pounds in royalties, and certainly this amount, large as it is, 
was not too great a recompense for an invention which, it has 
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been truly said, was of far more importance to tbe world than 
all the gold of California and Australia. 

Bessemer Steel Boilers. — The properties of Bessemer steel 
were now carefully examined by engineers, and as its advantages 
were more understood the purposes to which it was applied 
steadily increased. It was first used for the construction of 
boilers by Daniel Adamson, of Manchester, who gave his first 
order for boiler plates on May 8, 1860, and the boilers so pro- 
duced not only gave satisfaction in every other respect, but on 
account of the greater tenacity of steel as compared with wrought 
iron, they allowed of the use of steam at a pressure of 80 pounds 
to the square inch;* needless to say higher pressures have since 
been employed with marked economy of fuel, and steel plates 
are now almost universally adopted for the construction of 
boilers. Encouraged by the success attending the use of steel 
for stationary boilers, Mr. Bamsbottom in 1863 constructed the 
first steel locomotive boiler ; this gave every satisfaction, and 
lasted much longer than was usual with iron. About the same 
time steel began to be applied for two other purposes of even 
greater importance, namely, for rails and for shipbuilding. 

Steel Bails. — The first steel rail was made by E. Mushet in 
one of his earliest experiments in 1856, and was laid at Derby 
Station, with the result that it remained as perfect as ever after 
six years’ wear, though it was in a position in which an iron rail 
required to be replaced every three months. The first applica- 
tion of steel rails, on any considerable scale, was made at Chalk 
Farm, where steel rails were laid down on one side of the line 
and iron rails on the other. In this position the traffic was 
very heavy, and as the iron rails wore they were first turned, 
and after the second face was worn away the rail was replaced- 
In 1865 Bessemer exhibited one of these steel rails in Birming- 
ham, at the meeting of the British Association; one face of the 
rail was almost worn away, while on the other side of the line 
eleven iron rails had been completely worn out ; thus one steel 
rail outlasted more than twenty iron rails. But in spite of this 
very satisfactory result, railway companies were cautious in 
adopting the new material, though in 1880 two-thirds of the 
lines in the United Kingdom were laid with steel, and steel 
rails are now almost universal. 

Steel Ships. — In 1863 Bessemer succeeded in persuading a. 
shipbuilder to construct two stern-wheel barges of steel, and in 
the following year a paddle-wheel steamer of nearly 400 tons 
capacity was built; soon afterwards a clipper ship of 1,250 tons 
was launched. The wonderful ductility of steel was shown in a 
remarkable manner during the first voyage of this vessel, which 
was in Calcutta in October, 1864, when a fearful cyclone caused 
enormous damage. The following extract gives a graphic pic- 
* Inst, Journ.y 1888, vol. i., p. 10. 
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ture of the events that happened after the ship in question had 
been struck fairly on end by a vessel of 1,000 tons burden : — 
‘‘The plates were beaten in, but not fractured. Forward, the 
continual hammering of several large vessels beat the bulwarks 
level with the deck ; the plates forming them were, nevertheless, 
so tenacious, that they were prized back to their original posi- 
tion, and made to do duty again without the aid of a riveter. 
In another part of the bulwarks a plate had been partially 
knocked out, and, catching against the side of the other vessel, 
was rolled up as perfectly as a sheet of paper could be. In the 
stern, between the upper deck and the poop, several plates were 
driven in by repeated blows from a heavy wooden ship. These 
and the angle irons were twisted into a thousand fantastic forms, 
in some cases doubled and redoubled, and in no case was there 
a crack or fracture that indicated any brittleness in the metal.” 
In spite of all this hard usage the vessel did not make a drop of 
water. Thus the superiority of mild steel for shipbuilding was 
demonstrated in 1864; but some years elapsed before steel 
plates were in common use for this purpose, though in recent 
years, in this direction also, wrought iron has been almost 
entirely replaced. At the same time the experience and con- 
fidence that has been gained in the xise of steel has led to its 
application to bridge building, the manufacture of guns and 
projectiles, and for innumerable other useful purposes.* 


II. Siemens’ Steel. 

The growing demand for steel soon brought other inventors 
into the field in which Bessemer had been so successful. Among 
these may be mentioned Attwood, Heaton, Henderson, and 
Parry, but the only process which can be said in any way to 
approach that of Bessemer, in its general application, will always 
be associated with the name of the late Sir W. Siemens. 

Early History of Sir W. Siemens. — Born at Lenthe, in 
Hanover, in 1823, a member of a family with world-wide renown 
for their scientific and inventive achievements, Siemens was 
educated at the Polytechnical School of Magdeburg and at the 
University of Gottingen. In 1843 he paid his first visit to 
England for the purpose of introducing to Messrs. Elkington, of 
Birmingham (just after Sir Josiah Mason had joined the firm), a 
method by which silver could be electro-deposited with a smooth 
surface, instead of with a crystalline appearance as was formerly 
the case. Siemens returned to England in 1844, and henceforth 
resided in this country ; during the forty years that followed he 

* W. T. Jeans, Creators of the Age of Steel, p. 99, et seq., from which 
much of the information given in the section has been condensed. 
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^as not only a prolific inventor, but a constant contributor to 
the literature of the highest branches of physical and metallur- 
gical science ; though in spite of the ingenious and valuable 
nature of many of his inventions in other directions, it is as the 
originator of the regenerative gas furnace and of the open hearth 
process of steel making that his fame will be most widely 
recognised. 

The Regenerative Furnace. — The Brothers Siemens in their 
scientific studies had been much impressed with the theory of 
the conservation of energy, which was then being introduced, 
and also with the detei'inination of the mechanical equivalent of 
heat by Joule j there can be no doubt that these studies laid the 
foundation of the great discoveries that followed. So early as 
1817 the Rev. Dr. Stirling, of Dundee, had suggested the appli- 
cation of the regenerative principle in the construction of his 
engine, and W. Siemens following on the same lines, at first 
directed his attention to the construction of a regenerative steam 
engine. A number of these were erected and put into practical 
operation, but while they were economical in fuel, the wear and 
tear of the heating vessels was so great that they were ultimately 
abandoned. In 1857 his brother Frederick suggested to him 
the application of the regenerative principle for producing a high 
temperatux'e in furnaces, and in the next five years several forms 
of furnace on this principle were constructed and used for heat- 
ing steel bars. But with larger furnaces difficulties arose which 
at first appeared insuperable; at length Siemens adopted the 
system of gasifying his fuel before burning it in the furnace, 
and his difficulties were to a great extent overcome. The first 
furnace on his improved principle, patented in 1861, was erected 
the same year at Messrs. Chance’s glass works near Birmingham. 
This furnace was worked with separate gas producers, and with 
fire-brick regenerators which were also separate from the furnace; 
it was sim])le in operation and economical in its results, while 
the beautiful principles involved in its construction so impressed 
the mind of Faraday, that the great physicist chose this as the 
subject of the last popular lecture he ever delivered at the Royal 
Institution. 

The regenerative furnace was soon applied on a considerable 
scale, as its advantages in economy and regularity of working 
became appreciated; some of its earliest uses were for zinc dis- 
tillation, for reheating iron and steel, for melting crucible steel, 
and for puddling. But the Prussian Patent Office, which had 
previously declined to grant protection to Bessemer for his 
invention, also refused Siemens a patent for his regenerative 
furnace, on the ground of its resemblance to a medimval warming 
apparatus which had been employed for heating two rooms in 
the ancient preceptory at Marienburg ! * 

* Jeans, Steel, p. 104. 
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Steel Making in the Regenerative Furnace. — Siemens 
now directed his attention to the manufacture of steel on the 
hearth of his furnace, and at first met with but indifferent 
success. In 1862 an open hearth furnace was erected for 
C. Attwood in Durham, who employed it for producing steel 
by melting together wrought iron and spiegel-eisen, but the 
result was not very satisfactory. In 1863 a large furnace was 
erected at Mont Lu 9 on in France, and excellent steel was pro- 
duced, but the roof of the furnace was unfortunately melted,, 
and the experiments were then abandoned. Trials were con- 
ducted at Glasgow and at Barrow in 1866, also at Bolton in 
1867, but in each case were soon abandoned. Under these cir- 
cumstances Siemens found it necessary to erect experimental 
steel works at Birmingham, where the success of the process 
could be demonstrated ; there he produced large quantities of 
excellent steel, from old iron rails principally, which were con- 
verted into steel and were afterwards relaid by several of the 
more important Railway Companies. While the process was thus 
brought to a successful issue in England, equal good fortune 
attended the labours of P. & E. Martin at Sireuil in France, 
who in 1863 had erected a furnace from plans supplied bjr 
Siemens, and who after much labour succeeded in preparing 
steel by dissolving wrought iron in cast iron on the hearth of a. 
Siemens furnace. Thus originated the Siemens -Martin pro- 
cess” — the production of steel by Martin’s process of dissolv- 
ing wrought iron scrap in a bath of cast iron, with a suitable 
addition of manganese and carbon at the end of the operation;, 
this process was conducted in a Siemens furnace, and in its 
original form is now of little importance. At the same time 
Siemens was himself busy in perfecting his idea of decarburising 
cast iron by the use of iron ore, with or without the use of iron 
and steel scrap, and when the success of this process had been 
amply proved at the experimental steel works at Birmingham^ 
it w’as adopted early in 1868 by the London and North-Western 
Railway Company at Crewe. The Siemens steel works at 
Landore were also started in 1868, and in the following year 
thousands of tons of steel were made by the Siemens process 
in this country, w^hile its use was spreading rapidly on the 
Continent. 

Siemens’ Direct Process. — Not content with the success he 
had thus achieved in producing steel from pig iron and ore (a 
method which was called the “direct” process, in distinction 
from the use of pig iron and scrap), Siemens now directed his* 
attention to a still more direct method, and devised a rotating 
regenerative gas furnace, in which steel was produced by the 
action of carbon on iron ore in a single operation. On account* 
of the reputation of the inventor, and the simplicity of the- 
chemical changes involved in such a direct method of production^ 
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great hopes were entertained of the ultimate result of this pro- 
cess. In 1873 works were erected at To wcester, in hTorthamp- 
tonshire, for carrying on the manufacture, and steel of splendid 
quality was produced, but the cost was found to be so great as 
to render working unremunerative, and the works were ulti- 
mately abandoned. The Steel Company of Scotland was formed 
in 1871, and had at first in view the production of steel, by the 
use of rotating furnaces, from purple ore, which is the residue 
from the roasting of Spanish pyrites. One furnace of this type 
was erected, but it was stopped, and the whole plant removed in 
1875, owing to the excessive cost of production.* ISTot daunted 
by these failures, Siemens returned to this question in 1880, at 
Landore, and only a few months before his untimely death, in 
1883, he effected important improvements in the process, and 
apparently never lost faith in it to the end. This direct ore- 
reduction process has, however, not been in use, at all events in 
its original form, for some years, while the pig and ore, or the 
Siemens process, has made steady progress year by year 
throughout the world, and now ranks as second only in import- 
ance to the Bessemer process itself. There are indications which 
point to a still greater application of the Siemens process in the 
immediate future, and persons with great experience in the steel 
trade have even predicted that the Siemens process will ulti- 
mately lead in the race. While the Bessemer process has the 
advantage that steel can be produced in the finished state 
from pig iron, without any expenditure of fuel, the Siemens 
process, on the other hand, though it requires fuel, gives a larger 
yield from a given weight of pig iron, the operation is more 
under control, and the product is more uniform ; the Siemens 
furnace is also specially in favour for the production of steel 
jsuitable for castings. Bessemer’s process is now practically 
without a rival for the production of large outputs of rails, but 
Siemens steel, on the other hand, is employed for important 
structures like the Forth Bridge, for the manufacture of ships’ 
plates, for the production of very mild steel of specially uniform 
quality, and for steel castings of every description. 


III. The Basic Process. 

It has been already stated that as early as the year 1856 it 
was pointed out by Dr. Collyer that the ordinary Bessemer 
process, conducted in converters lined with siliceous material, 
did not eliminate the phosphorus present in the original pig 
iron. Collyer had also pointed out that this objectionable 
element could be eliminated by the use of lime, and his views 

* J. Riley, “Scotch Steel Trade,” Inst, Journ,^ 1885, vol. ii. 
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were afterwards confirmed by Percy, Gruner, and other metal- 
lurgists. It was thus generally recognised that the use of a 
base in some form was necessary in order to produce steel from 
phosphoric iron, but the great difficulty was to devise a practice 
able method of applying the principle which was thus so gener- 
ally recognised. 

Heaton had employed oxygen and a base together in the 
use of sodium nitrate, and by this process phosphorus was 
eliminated; but the operation was so difficult to control, and 
the incidental expenses were so great, that the method was 
abandoned after great anticipations had been raised as to its 
ultimate success. 

Sir Lowthian Bell has also met with considerable encourage- 
ment in experiments with molten cast iron and fluid oxide of 
iron at comparatively low temperatures,"^ and the washing 
process thus invented was adopted by Krupp, at Essen, for the 
partial dephosphorisation of pig iron before using it for other 
purposes. G. J. Snelus had, moreover, very nearly reached a 
successful solution of the problem when in 1872 he patented the 
use of lime or limestone, magnesian or otherwise, in all forms 
for lining furnaces in which metals or oxides are melted or 
operated upon when fluid ; and this inventor actually did line a 
small Bessemer vessel with lime and produce a hundredweight 
or more of dephosphorised iron from Cleveland pig at the time 
of which we are speaking. 

Thomas and Gilchrist. — The names of Sidney Gilchrist 
Thomas and of his cousin, Percy C. Gilchrist, will always be 
associated with the practical solution of this great problem, and 
to them alone is due the credit of ultimately bringing the matter 
to a successful issue. 

Thomas was born in 1850, and educated at Dulwich College, 
intending to follow the medical profession. By the death 
of his father he was compelled to enter the Civil Service, in 
which he remained until 1879 ; his evenings were, however, 
devoted to scientific study, and he took the opportunity of enter- 
ing for the examinations of the School of Mines, though unable 
to attend the classes. Gilchrist was a year younger, was edu- 
cated at the Royal School of Mines, where he took his Associate- 
ship in 1871, and was then appointed chemist at Cwm-Avon, in 
Wales, though he shortly afterwards moved to Blaenavon, under 
the management of E. P. Martin. The original conception of 
the invention appeared to have been due to Thomas, though the 
earlier trials, and all the analyses, were conducted by Gilchrist, 
who not only took an equal share in all the earlier work, but 
had also to guard the interests involved in the patents after 
the untimely death of his cousin, which took place but a few 
years after the success of the process had been publicly demon- 
* Inst, Journ,, 1878, vol. i., p. 17. 
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strated. The essential idea of the invention consisted in the 
substitution of a basic lining, instead of the acid material pre- 
viously used in the Bessemer and Siemens processes, and the 
addition of a quantity of quicklime during the operation, so as 
to combine with the silicon and phosphorus, and thus to save 
the lining as much as possible. The lining was composed of 
well burned or “shrunk’’ lime, made from dolomite or magnesian 
limestone, which was finely ground and mixed with dry tar, as 
suggested by E. Biley, so as to allow of its being pressed into 
bricks which were afterwards baked, or of being rammed, so as 
to form a lining to the converter. 

The first public announcement of the success of the basic 
process was made by Thomas in the spring of 1878 at the meet- 
ing of the Iron and Steel Institute, during the discussion of 
a paper by Sir L. Bell on “The Separation of Phosphorus from 
Pig Iron.” On this occasion, Thomas is reported to have stated 
that “he had succeeded in effecting the almost complete removal 
of phosphorus in the Bessemer process. Experiments had been 
carried on at Blaenavon, with the co-operation of E. P. Martin, 
on quantities varying between 6 lbs. and G cwts., and some 
hundreds of analyses by Gilchrist, who had had the conduct 
of the experiments from the first, showed a removal of from 
20 to 99 '9 per cent, of phosphorus in the converter. He believed 
that the practical difficulties had been now overcome, and that 
Cleveland pig iron might be made into good steel without any 
intermediate process.”* 

The announcement thus made attracted little attention, and 
a paper, which the inventors prepared on the subject for the 
next meeting of the Institute, attracted so little interest that it 
was deferred till the spring meeting of 1879. In the meantime, 
the matter had been taken up by E. Windsor Bichards, who 
was then manager at the works of Bolckow, Yaughan & Co., 
Middlesbrough, and with this powerful aid, the success of the 
invention on the large scale was amply shown, and a public 
demonstration was given on April 4, 1879. Middlesbrough 
was soon besieged by an army of metallurgists from Germany, 
Belgium, Prance, and America, all of whom were anxious to 
have an opportunity of seeing the process in operation, and the 
extension of the process has since been steady, uninterrupted, 
and even more rapid than- that of the Bessemer process itself. 
Basic steel is produced in considerable and steadily increasing 
quantities in the United Kingdom, especially for metal which 
is low in carbon 3 but the chief extension has been on the 
Continent of Europe, particularly in Germany, where large 
deposits of phosphoric ores are met with, which could not other- 
wise be employed for the manufacture of steel ; and the annual 
production of basic steel in Germany is now more than one 
* l7is(, Journ.y 1878, vol. i., p. 40. 
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million tons, the greater part of which is very low in carbon. 
This is more correctly called weld or ingot iron ” than steel, as 
it welds readily, and possesses many of the properties of wrought 
iron, the chief difference being that, owing to its having been pro- 
duced in the fluid condition, and the consequently more perfect 
elimination of slag, it does not possess that fibrous structure 
which is characteristic of wrought iron. In many respects, 
however, mild steel is superior to wrought iron, and its use is 
now steadily increasing year by year. 



CHAPTER lY. 


CHIEF IRON ORES. 

"What Constitutes an Iron Ore. — The term ‘‘ore” is applied 
to the metalliferous material in the form in which it occurs 
in nature. These materials are not unfrequently met with in 
the form of crystallised minerals of great chemical purity, but 
such cases are comparatively rare, and of but little importance 
to the manufacturer. Usually the valuable portion is associated 
with more or less earthy or other foreign matter which is known 
as “gangue”; in mining with veins or lodes the gangue is fre- 
quently called “matrix” or “vein-stuff.” The proportion of 
metal which must be present before an ore can be worked with 
profit, depends both on the intrinsic value of the metal itself, 
and also on local conditions, such as cost of fuel, labour, and 
carriage. In the case of silver ores, for example, it is usual to 
regard 3 ounces to the ton as the minimum which can be profit- 
ably worked, or in other words, one part of silver can be 
extracted from about 10,000 parts of ore without pecuniary loss ; 
with gold ores even less than one-fiftieth part of this, or one 
part in 500,000, can be worked with profit under favourable 
conditions. But in dealing with iron ores, on account of the 
low intrinsic value of the metal, and the relatively high cost of 
the processes of extraction, it is necessary to observe — 

(1) That the proportion of iron present should be considerable. 
The poorest ores smelted in the United Kingdom are those of 
Cleveland, which contain about one-third of their weight of 
metallic iron, while the poorest ores regularly smelted in the 
United States are the “lean” ores of Ohio, which yield only 
one-fourth of their weight of metal. It is true that occasion- 
ally even poorer materials are employed, but in such cases there 
are special reasons, such as the presence of fluxing materials in 
the gangue, which may make the ore valuable. 

(2) Ores of iron must also be free, or relatively free, from such 
elements as sulphur and phosphorus if they are to be of value 
to the smelter; the immense deposits of iron pyrites which 
occur in Spain and elsewhere are thus not available as a source 
of iron unless the sulphur has been previously eliminated. 
Unfortunately, at present, no method is known whereby phos- 
phates can be economically removed from iron ores previously 

4 
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to their being smelted in the blast furnace, except to a limited 
extent by means of magnetic concentration. 

(3) It is further necessary that any material which it is pro- 
posed to employ as a source of iron should be plentiful before 
it can be of real value in a modern iron works. A blast-fur- 
nace plant of modest dimensions would produce 1,000 tons of 
pig iron per week, or 50,000 tons per annum ; the ore would 
seldom average more than 50 per cent, of metallic iron, so that 
upwards of 100,000 tons of ore would be required each year. 
Such a plant would be expected to run at least ten years to 
repay the original outlay, hence it would be useless to commence 
smelting with less than a million tons of ore in prospect, and a 
larger works of modern construction would require a propor- 
tionally larger quantity. 

(4) The associated gangue must be of such a character that it 
can be readily and economically fluxed in the blast furnace, tlie 
presence of titanium or other material which interferes with the 
regular working of the furnace being objectionable. 

Iron ores to be valuable must thus be rich, pure, plenti'ul, 
and easily reduced ; practically it is found that only the oxidised 
compounds — f e., the oxides and carbonates, fulfil these conditions. 

Classification of Iron Ores. — The ores of iron may be 
arranged according to the following general classification : — 

I. Magnetic Oxide or Magnetite, 

a. Pure magnetites. 

1. Magnetites in which part of the oxide of iron has been 
replaced by the oxide of another metal — e.g.^ chromium (chromite)^ 
titanium (ilmenite), or zinc (franklinite). 

II. Ferric Oxide or Hcematite, 

a. Anhydrous ferric oxide or red haematite. 

h. Hydrated ferric oxide, including brown haematite, limonite, 
bog ore, laterite, (kc. 

III. Ferrous Carbonate or Spathic Ores, 

a. Pure spathic ores. 

h. Carbonate ores associated with clay (clay ironstones, argil- 
laceous ores) or with bituminous matter (blackband). 

Perrons oxide (FeO) is not stable in the air, but absorbs 
oxygen, becoming ultimately converted into ferric oxide, which 
is unaflected by exposure to air or moisture. Ferric oacide 
(FogOg) is unaffected by a red heat in the absence of reducing 
agents, though at extremely high temperatures it loses soninfce of 
its oxygen and is converted into magnetic oxide. Ferrous oxide 
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never occurs free in nature, but being more stable wben in a 
state of combination, is met with combined with carbon dioxide 
as ferrous carbonate (FeCOg), with silica in various silicates, and 
with ferric oxide in magnetite (FeoOg.FeO, or FegO^). Ferric 
oxide combines with water in diifferent proportions, producing 
what are known as hydrated oxides. Artificially prepared ferric 
hydrate is a reddish-brown bulky solid, and has the formula 
FcgOg.SHoO ; on drying in the air, or at a temperature not 
exceeding 100° C., this loses part of its water, and approximates 
to 2 Fe 203 . 3 B[ 20 , which has a yellowish-brown colour, and, when 
native, is called brown haematite. If brown haematite be heated 
to a temperature exceeding 200° C., the whole of its water is 
eliminated, and ferric oxide is obtained. 


I. Magnetites. 

(a) Pure Magnetites. — Magnetite occurs in the pure form,, 
imbedded in chlorite schist in well-defined octahedral crystals, 
which are sometimes as much as an inch in length, and which 
frequently exhibit polar magnetism ; these are collected by the 
natives of India, who are aware of this magnetic property, and 
the crystals are strung together like beads. From these excep- 
tionally large crystals all gradations of size are found down to 
the massive variety in which the constituent crystals are indis- 
tinguishable to the naked eye. The hardness of magnetite on 
Moh's scale is 6, its density is about 5 ; it is brittle, and gives 
a black streak when rubbed on a hard and slightly-roughened 
surface. It is always attracted by a magnet, even when itself 
not magnetic ; its colour is black, with a well-defined metallic or 
sub-metallic lustre, though when weathered the surface assumes 
a brown tint. Magnetite is the richest ore of iron, and when 
pure contains 72*4 per cent, of metal ; it is met with in immense 
quantities in Sweden, in parts of North America, particularly in. 
the Lake Superior district, and in the southern portions of tho 
Madras Presidency in India. The development of the magnetic 
ores of the Salem district of the Madras Presidency is among- 
the most remarkable facts connected with the geology of India, 
and, owing to the persistency of the ore beds, they often furnish 
an admirable clue to the geology of the district. These beds are 
occasionally as much as 50 to 100 feet in thickness, and where 
they are steeply inclined an enormous quantity of ore is laid 
bare in ridges and precipices. Iron ore is to be obtained in this 
region, of the best quality, in quantities which can only be esti- 
mated in thousands of millions of tons ; but the scarcity of fuel 
in the district, and the cost of transit have hitherto combined to 
prevent the working of these deposits on a large scale.* The 

* V. Ball, Geology of India, vol. iu.,p. 34S. 



52 


THE METALX.URGY OF IRON AND STEEL. 


ina<yiietic ores of the Lake Superior district are of at least equal 
magnitude, and are for the most part of Bessemer quality,* while 
owing to the facilities for cheap transit to Pennsylvanian and 
other furnaces, these deposits have been worked on a large and 
rapidly-increasing scale during recent years. The magnetites of 
Sweden have long been famed for their special purity, the name 
of Dannemora having a world-wide reputation. The iron ores 
of Dannemora are stated to have been worked in the thirteenth 
century, and consist of a series of lenticular deposits in a band 
of limestone, surrounded by granites and other crystalline rocks. 
The ore deposit as worked is some 2,000 yards long by 200 
yards wide, while the workings are over 200 yards deep, and the 
annual production is about 35,000 tons of ore. This contains 
from 66 to 72 per cent, of magnetic oxide of iron, 9 to 15 per 
cent, of silica, *002 to *009 per cent, of phosphorus pentoxide, 
together with some 10 per cent, of lime and magnesia. The ores 
are comparatively rich in sulphur, and are conseciuently roasted 
before smelting. t Since 1870 a steadily-increasing export trade 
in magnetic ore has been developed in Scandinavia, nearly half 
a million tons being exported from Sweden in 1893 ; the greater 
part of this was used in Germany, though some is imported into 
the United Kingdom. The ore is sold in several grades, some 
being remarkably pure, while other grades are phosphoric, and 
are used for basic pig. An account of these deposits, with illus- 
trations of the method of mining, has been given by J eremiah 
Head.J In smaller quantities magnetite occurs throughout 
Europe, in the West of England, and in North Wales in con- 
nection with metamorphic rocks. 

In workable magnetic ores the gangue generally exceeds 10 
per cent., and usually consists of quartz: or some other form of 
siliceous matter; in some cases silica and lime occur in such 
proportions as to form a self-fluxing ore in the blast furnace. 
Magnetic ores are generally very free from phosphorus and 
sulphur. In some cases calcium phosphate, or apatite, occurs 
in the form of olive -coloured scales or particles, distributed 
throughout the mass, and these can be, to a considerable extent, 
separated by magnetic concentration. In other instances, iron 
pyrites (EeS 2 ) is met with in small grains or crystals dissemi- 
nated through the ore, in which case the material is generally 
weathered or calcined before smelting. 

(b) Impure Magnetites. — In addition to the relatively pure 
magnetites above described, other varieties occur in which either 
the ferrous or the ferric oxide is replaced by the oxide of another 
metal. The most important of these are the following : — 

(1) FranMinite or zincite, which occurs in the metamorphic 

* Jnst. Journ., 1887, vol. ii., p. 220. 

+ 1894, vol. i., p. 408. 

t Ibid., p. 47. 
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rocks of New Jersey in the United States. In this ore the 
ferrous oxide, which usually occurs in magnetite, is to a greater 
or less extent replaced by oxide of zinc. This oxide of zinc is, 
however, not pure, but is associated with manganese, which 
imparts a reddish colour. Fi'anklinite generally contains about 
30 per cent, of ferric oxide, 15 per cent, manganous oxide, 30 per 
cent, of zinc oxide, and 10 per cent, of silica, together with some 
lime, alumina, and magnesia. The ore is first subjected to a dis- 
tillation in the zinc works to remove this metal, and is afterwards 
smelted in the blast furnace for the production of a manganiferous 
iron, called “spiegel-eisen,” which, in this instance, contains about 
20 per cent, of manganese.* 

(2) Ilmenite or titanic iron ore is met with in immense deposits 
in the massive form in Norway, and to a smaller extent as sands^ 
in the United States, Canada, India, and New Zealand. It 
contains titanium in the form of oxide (Ti02). This is somewhat 
difficult to smelt in the blast furnace, owing to the formation of 
a curious substance known as cyano-nitride of titanium, which 
collects in the hearth of the furnace, and which resembles crystals 
of bright metallic copper. The slags produced are also less 
fusible than usual, and hence ilmenite is seldom employed in the 
blast furnace. It has been used successfully as a fettling in 
the puddling furnace in Henderson’s process, and was employed 
for twelve years at Tondii, near Bridge End, S. Wales, though 
experiments conducted in the ordinary puddling furnace in South 
Staffordshire were not successful. It was experimented on by 
the late David Mushet, who took out no less than thirteen 
patents for its application, chiefly for the purpose of steel making* 
Mushet’s partner, T. D. Clare, introduced the use of finely 
powdered ilmenite as a protection for iron work, under the name 
of titanic paint,” which has been used with advantage on many 
important structures; finely powdered ilmenite also makes a 
capital knife polish. According to Koenig and Pfortenf the 
formula for titanic iron ore is EeTiOg. 

(3) Chrome iron ore or chromite contains oxide of chromium 
(CrgOg) replacing part of the ferric oxide of ordinary magnetite. 
It is the source of the chromates, and thus of the colouring 
matter in many pigments, glasses, and enamels. It occurs in 
metamorphic rocks in Canada, Germany, Sweden, India, and 
elsewhere, though usually’' in comparatively small quantities. 
It is smelted in the blast furnace for the production of chrome 
pig iron, the chief application of which is in the manufacture 
of steel of special hardness. It is usually neutral or some- 
what basic in character, and in the absence of reducing agents 
is very refractory. Some of the best varieties are infusible 
even in the oxyhydrogen flame, and are unaffected by fluid oxide 

* Inst. Journ.y 1894, vol. i., p. 416. 

t Berichte, vol. xxii., p. 1485. 
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of iron, at high temperatures ; on this account chrome iron ora, 
though costly, is sometimes employed as a furnace lining. In 
appearance chromite closely resembles magnetite, having a black 
colour and a sub-metallic lustre j it crystallises in tlui Haine hirni 
as magnetite, its density and hardness are nearly the nanus aiul 
ib is sometimes magnetic. It may, ho\vevc*r, b<'. distiuguished 
by the colour of its streak, or powder, which is brownisli-grc^y, 
while that of magnetite is black. Some of the riclu'.r sain|)les of 
chrome ore have a distinct olive-gr(xm colour. 


II. Ferric Oxide or IIa3MAtitk. 

(a) Anhydrous. — Ited hmmatite is a general term applitai to 
a number of minerals, all of which consist (^Hsmiiially of anhy- 
drous ferric oxide (Fe.>Ojj), and which give a red stiH'ak ; in many 
cases also these ores possess a distinct red colour, tliough thm is 
by no means always so. Red oxide of iron is prepannl artilhd- 
ally, by heating ferrous sulphate (FeS04.71h,0) in a cIohchI vohhoI 
to a red heat, and by other processevs ; it is th(j basis of many 
red paints, and is used by the jeweller as roug(\** Tln^ colour 
of this oxide varies according to the method of ))rt^})iiration, atul 
it is said that as many as 300 varieties or shades of colour are 
recognised in the trade. When boated to a high ttnnperaiurt^ 
the bright-red colour changes to a purple shade, and at a still 
higher temperature the oxide becomes almost black, at thc^ same 
time bright glistening particles are soon. That no chtnnieal 
change has taken place is shown, by the fact that if thin dtmsf^ 
black oxide be ground finely and levigated with walin’, it IxHunnes 
once again distinctly red, and the brightnesB of the tint improves 
as the particles become more and more finely dividetl. 1110 
shade is also brighter in the presence of a sulphate than with 
a chloride, and on this account it is not unusual to add alum or 
other sulphates when producing the more vivid shadt^s. 

Red hiematite is occasionally xucit with in the cryntalUsed form, 
and is then in small irregular crystals ; its maximum hardness 
is 6 on Moll’s scale, and its greatest density about 5*2 ; many 
varieties are, however, much more porous and soft. A Bpocial 
variety also occurs in octahedral crystals, and ii known as 
marlite. Among the more important varieties of this ore the 
following may be mentioned : — 

(1) Specular iron ore is a very pure form occurring in brilliant 
crystals which are often iridescent on the surface ; it is im^t with 
in the Island of Elba and in a few other localities in Kurope, 
and occurs in large quantities in Canada, the United Btates, in 
the Iron Mountain in Mexico, and in the Central Provinces of 
India. 

(2) Micaceous iron ore is a pure variety which occurs in large 
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quantity, and has been long worked in the Lake Superior district 
of IS'orth A^merica. In appearance it is often a very beautiful 
mineral; the glistening dark-grey scales are not unlike mica, 
and from this the name is derived. The red haematite of Cum- 
berland not unfrequently has a dark grey colour also, when very 
compact. 

(3) Kidney ore is a common form in Cumberland ; this occurs 
in radiating masses, made up of concentric layers with smooth 
reniform (or kidney-shaped) surfaces ; it is generally bright-red 
in colour, and has a characterisbic radiated or conchoidal fracture. 

(4) Much of the haematite of Cumberland and the red fossil 
ore of the United States is met with in the earthy form; it varies 
in colour from dark-red to bright-red, and has a characteristic 
unctuous (or soapy) feel when rubbed between the fingers. 
The haematites of Cumberland are very free from phosphorus, 
and their modern development dates from about the year 1865, 
when the commercial success of the Bessemer process led to the 
demand for a pig iron free from phosphorus, and to the estab- 
lishment of the Barrow Haematite Company’s works. In Cum- 
berland this ore does not occur in beds, but in large irregular 
deposits or pockets in the carboniferous limestone ; these are 
worked by a modified pillar and stall method. (See p. 71.) 
The geological characters of these deposits have been considered 
by J. L. Shaw.* 

The deposits of red fossil ore which occur in the United States 
run southward from Central ISTew York, through Pennsylvania, 
to the immense beds of Alabama. These ores are usually self- 
fiuxing, but contain about 0*5 per cent, of phosphorus. Usually 
two beds of ore occur, one hard and the other soft ; in Alabama 
both hard and soft ore are used, and are met with in beds from 
20 to 30 feet thick. The following figures, taken from a paper 
by W. J. Keep and the author,! illustrate the composition of 
these ores : — 



Clinton Soft. 
(Abandoned.) 

Clinton Hard. 
(Used.) 

Alabama 

Hard. 

Alabama 

Soft. 

Metallic Iron, 

.30*08 

47-50 

36 00 

50-00 

Silica, . 

29-72 

11-20 

8-00 

18 00 

Alumina, 

4-13 

4*89 


... 

Lime, . 

8-57 

5-53 

38-00 


Manganese, . 

•31 

•10 

trace 

trace 

Phosphorus, . 

•67 

•52 

•42 

•70 

Sulphur, 

•837 

•18 

... 



When pure, ferric oxide contains 70 per cent, of metallic iron, 

* Inst. Journ., 1892, vol. ii., p. 306. 
t S, Staff, Inst,, March, 1888. 
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but the ores worked in the United Kingdom usually contairt 
not more than 60 per cent, of iron, the chief constituent of the 
gangue being silica. 

(6) Hydrated Oxides. — The proportion of water which exists, 
in a state of combination in hydrated oxides of iron is usually 
from 10 to 15 per cent., though this is by no means constant in 
quantity. In nature all stages of hydration are met with, from 
ferric oxide to ferric hydrate. As the proportion of water in- 
creases, the colour of the ore changes from bright-red to brown 
or yellow, and with much water the tint is frequently a dark 
brown. Many varieties of the Spanish “ rubio ” ores are red in 
colour, and frequently resemble red hsematite ; other samples 
contain more water, and resemble ordinary brown haematite in 
appearance. Millions of tons of these ores are now imported 
into the United Kingdom per annum, and on account of their 
richness in metallic iron, which amounts to nearly 60 per cent., 
their freedom from phosphorus, and their easy reducibility, 
Spanish ores are largely employed, particularly in South Wales 
and Cleveland, for the production of pig iron of Bessemer quality- 
The haematites of the Forest of Dean, in Gloucestershire, were 
worked during the Roman occupation of Britain, and are still 
mined, though on a comparatively moderate scale. This ore is 
red in colour, and generally contains less than 10 per cent, of 
combined water. It occurs in “ churns ” or pockets in the upper 
beds of the carboniferous limestone, and contains about 0*04 per 
cent, of phosphorus, which is slightly more than is present in 
Bessemer ores of the best quality. 

Brown haematite is a general term applied to a number of 
minerals, all of which consist essentially of hydrated ferric oxide ; 
they vary in colour from bright yellow, passing through brown, to- 
almost black, but all agree in yielding a brown or yellow streak ; 
these minerals may be divided into two classes — 

(1) Goethite (FegOg.HgO) usually occurs in well-formed and 
brilliant crystals, but is also met with in other forms in Cornwall 
and in numerous localities on the Continent ; when pure it con- 
tains about 63 per cent, of metallic iron. 

(2) Limoniie ( 2 Fe 203 . 3 H 20 ) is commercially of much greater 
importance. It most commonly occurs in the earthy form, but 
also in radiated concretions with reniform exterior, and in cellular 
and compact masses. Some of the finer varieties are employed 
as pigments, such as ochre, umber, &c. The brown haematite of 
Northamptonshire occurs in beds in the oolite formation, which 
stretch into Lincolnshire and Oxfordshire. It usually contains 
at least 10 per cent, of combined water, from 10 to 20 per cent, 
of silica, and about 0*6 per cent, of phosphorus. The ores as- 
brought from the mines contain about 45 per cent, of metallic 
iron. 

The brown haematite deposits of Luxemburg- Lorraine are^ 
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among the most important in Europe. The ore, which closely 
resembles that of Northamptonshire, is known as minette, and 
occurs in the form of oolitic grains, about the size of a pin’s head, 
which are cemented together by calcareous, argillaceous, or sili- 
ceous material. It varies considerably in composition, samples 
which contain less than 27 per cent, of metallic iron not being 
considered suitable for smelting purposes. As the gangue is in 
some instances siliceous, and in others calcareous, self-fluxing 
mixtures are prepared, and the addition of lime is unnecessary. 
The ores which are smelted in the district contain about 31 per 
cent, of metallic iron, while those which are sent down the 
Rhine are somewhat richer, and yield 38*5 per cent, of iron and 
10 per cent, of water. These ores are phosphoric, containing 0*5 
to 2*0 per cent, of phosphorus, and their use has enormously 
increased since the introduction of the basic process of steel- 
making.* Other examples of brown haematite are met with in 
the bog ores of Ireland, and the ore which is dredged during the 
early winter months from the bottom of the shallow lakes in 
Sweden and Canada ; such ores are frequently very rich in 
phosphorus. Analyses of a number of these will be found in 
Percy’s Iron and Steely p. 324. Brown haematites derive much 
of their value from the readiness with which they can be mined, 
and the ease with which they are reduced in the blast furnace. 

Laterite is a generic term applied to a group of tertiary rocks 
which occupy an important position in the superficial geology of 
India. The character common to all of them is the presence of 
a considerable proportion of iron, in the form of hydrated brown 
oxide ; the reddish-brown colour, and the fact that this stone is 
commonly employed for building purposes, has led to the adop- 
tion of the name, which is derived from lateritis^^ a brick. 
Laterite varies considerably in character, both as regards rich- 
ness in iron and in structure ; it is usually quite soft when first 
cut, but hardens on exposure to the atmosphere. Only the 
richer kinds are employed as a source of iron, and these at 
present to a very moderate extent. f 

III. Carbonate Ores. 

The ores which consist essentially of ferrous carbonate, are of 
great interest, whether considered from the point of view either 
of their history, their distribution, or their importance j they 
may be conveniently divided into four classes — 

(a) Spathic Iron Ore is the purest form in which ferrous 
carbonate occurs in nature, and contains a maximum of 48J per 
cent, of metallic iron. It is sometimes met with in distinct 

* E. Schroedter, Inst, Journ., 1889, vol. i., p. 114; also TV andeslehen, 
ihid,, 1890, vol. ii., p. 655. 

t Ball, Geology of India, vol. iii., p. 549. 
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crystals, with a pearly lustre, in the mineral chalybite or aiderite; 
in the massive form it occurs in immense deposits in Styria, at 
Eisenerz ; its colour varies from pearly white, through various 
shades of pink and red, to brown or nearly black, the last-men- 
tioned tints being produced by exposure. The deposits in Styria 
are very free from phosphorus and other objectionable impurities, 
but usually contain a somewhat considerable proportion of man- 
ganese ; not unfrequently the quantity of manganese is sufficient 
to allow of the ores being employed for the production of spiogel- 
eisen. Considerable deposits of spathic ore are also worked in 
"Westphalia, and other parts of Germany. 

(b) Impure Carbonates. — (1) Cla'i/ ironstone is the historic 
ore of Staffordshire, South Wales, and West Yorkshire. It 
consists of ferrous carbonate, with some 15 per cent, of clayey 
matter, and on this account is often referred to as argillaceous 
iron ore. It occurs in the coal measures, in beds which are 
mined in a similar manner to the adjacent coal. It varies in 
colour from light brown to dark grey, and often occurs in 
nodular masses. In Staffordshire a number of varieties are 
locally recognised which have received such names as brooch- 
stone, lamb-stone, pudding-stone, white-stone, (kc. The clay 
ironstones of Great Britain are becoming to a great extent 
worked out, so far, at all events, as the best qualities are con- 
cerned, their place being taken by native or imported hsematites. 
Clay ironstones are also expensive to mine, as much shale has 
to be removed in proportion to the ore raised, and the atnount 
of iron is relatively low, being seldom more than 40 and gener- 
ally only from 30 to 35 per cent. Staffordshire clay ironstone 
of good quality contains about 0*25 per cent, of phosphorus, and 
the pig iron obtained therefrom is of special reputation for the 
production of wrought iron of the best quality, and for strong 
castings. In clay ironstone the proportion of silica to alumina 
is fairly constant, and is generally about as 2 to 1. 

(2) Cleveland ironstone is a less pure form of clay ironstone, 
which occurs in large masses in the Lias formation of the Cleve- 
land Hills, in the West Riding of Yorkshire ; it is now mined 
in larger quantities than any other ore in the United Kingdom. 
It is found in beds which are of uniform composition over con- 
siderable areas, and contains about 33 per cent, of metallic iron. 
It also contains about 0’75 per cent, of phosphorus, while the 
gangue consists of clay, with calcium and magnesium carbonates 
in sufficient quantities to be self-fluxing or nearly so, though it 
is necessary to add limestone in the blast furnace, as otherwise 
i}he iron obtained is inferior. The pig iron produced contains 
^bout 1 *6 per cent, of phosphorus, and is one of the lowest-priced 
irons in the United Kingdom. An interesting account of the 
geological characters of the Cleveland district, and of the history 
oP its early development has been given by Bewick in his 
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Oeology ofCleveland^ published in 1861. The ore occurs in the 
Middle Lias, and is divided by bands of shale and pyrites into 
several beds j where best developed it has a thickness of over 
20 feet, the two principal beds being called respectively the 
pecten and the micula seams, from their characteristic fossil 
shells. The usual colour of the ore is a dull bluish-green, caused 
by the presence of silicate of iron ; it has an oolitic structure, 
and is fossiliferous. The main bed attains its greatest thickness 
at Eston ; the whole of the workable ironstone is in the highest 
part of the Middle Lias, and the yield per acre reaches as much 
as 50,000 tons.* The “main seam” is the one first opened by 
Mr. John Yaughan, and is now the only one worked. The 
duration of the best deposits, at the present rate of consumption, 
is estimated at nearly sixty years, t 

(3) JBlachhand Ironstone . — A variety of clay ironstone occurs 
in Linlithgow and Lanark (in Scotland), in North Staffordshire, 
and to a smaller extent in South Wales and Western Peimsyl- 
vania, which is impregnated with carbonaceous matter to the 
extent of some 15 per cent. On account of its black colour and 
stratified condition it has received the name of “blackband.” 
It was first discovered by Mushet, in Lanarkshire, in 1801 ; 
but the supply is rapidly becoming exhausted. It is valuable 
because the carbonaceous matter present, which generally varies 
from 10 to 25 per cent, of the ore, is sufficient to allow of its 
calcination without the employment of any additional fuel; when 
calcined the residue contains from 50 to 70 per cent, of metallic 
iron. A specially pure variety of this calcined ore, rich in man- 
ganese, is obtained from North Staffordshire, and is employed, 
under the name of “pottery-mine,’’ as a fettling in puddling 
furnaces, and for this purpose is in great repute. 

CtLemical Composition of Iron Ores. — The varieties of 
spathic ore which are specially valued for the production of the 
highest class of iron and steel, are those which are rich in 
manganese, and which at the same time contain but little phos- 
phorus ; it is noticed that generally in carbonate ores these 
characters accompany each other. Thus the proportion of phos- 
phorus in the spathic ores of Styria and Carinthia is very small, 
clay ironstone contains more phosphorus, while Cleveland iron- 

* Phillips, Ore Deposits, p. 174:. i 

■f On the geology of the Cleveland ores, see Tate and Blake, (Fhe xork- 
shire Lias, p. 18; and Pro. International Geological Congress, 1888, p. 378. 
On the methods of mining these deposits, see A. L. Steavenson, Inst. 
Joum., 1874, p. 329 ; 1893, vol. ii., p. 45. According to Snelus, ores of very 
similar character occur in large q[uantity in China, near Hankow, where 
modern ironworks on an extensive scale were commenced in 1890, and are 
now completed. In addition to these carbonate ores, however, there are 
in the same province considerable deposits of rich haematite, which in 
purity and richness closely resemble those of Bilbao {JEngin. Review^ 1894, 
p. 51). 
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stone contains still more. On tlie other hand, Cleveland ore 
carries least manganese, while the Styrian ores contain the 
largest proportion of manganese, and are thus employed for the 
production of manganiferous irons known, as ‘‘ spiegel-eisen.” 

Iron ores are subject to considerable variations in composition 
and character, even when taken from the same mine, and the 
table on p. 60, which gives the approximate composition of cer- 
tain representative iron ores, must be regarded merely as giving 
a general indication of the usual proportions of the substances 
mentioned. 

Tor commercial purposes it is usual to classify iron ores as 
phosphoric or non-phosphoric. The latter class includes all ores 
which are sufficiently free from phosphorus, to permit of their 
use in acid steel making ; the limit for this purpose is generally 
taken as 0*04 per cent, of phosphorus in the pig iron. 

Phosphorus per cent, in 
pig iron. 

N’on-phosphoric, Swedish magnetites, , . . trace to 0*06. 

Cumberland haematite, . . . 0‘04to0*06. 

Spanish ore, red, yellow, or brown, 0 to 0 *06. 

Forest of Dean, ... .0 ‘07. 


Phosphoric, . Purple ore (Blue Billy), . 

Lake Superior magnetites, 
South Staffordshire, 
Leicestershire, 

Blackband, . 

American red fossil ore, . 
North Staffordshire, 
Rhenish brown hiematites, 
Northampton, 

Cleveland, 

Lake and Bog ores. 


. O'lO. 

. variable, about 0*10. 
. 0-40 to 0*60. 

. 0-60. 

. a*60. 

. about 0*60. 

. 0'S0tol*0O. 

. about 1 *00. 

. 1-0 to 1*5. 

. 1*10 to 1*75. 

. variable, about 2*0. 


Formation of Iron Ores. — In nature iron compounds are 
constantly being removed from some places and deposited in 
others, chiefly by the action of air, water, and carbon dioxide, 
and it is probable that all the deposits of iron ore with which 
we are familiar were produced by agencies such as are at present 
in operation, only extended over an indefinite period of time. 
As first pointed out) by Kindler in 1836, ferric oxide is dissolved 
by water containing organic acids in solution, such as surface 
drainage from cultivated or peaty soil, and this effect is often 
visible in the bleaching of red or yellow sands in a railway or 
other cutting for some feet immediately below the surface vegeta- 
tion. li. Hunt afterwards proved that decomposing vegetable 
matter not only prevents the oxidation of ferrous compounds, 
but actually reduces ferric to ferrous oxide, while at the same 
time carbon dioxide is produced. The ferrous oxide and carbon 
dioxide combine to form ferrous carbonate, which may be de- 
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posited it is formed, since it is not soluble in water. ^ It is, 
however, well known that ferrous carbonate is soluble in water 
in the presence of carbonic acid, and the number of mineral 
waters which owe their characteristic virtues to iron so dissolved 
is considerable. A solution thus rich in iron if allowed to slowly 
evaporate, out of contact with air, would deposit ferrous carbon- 
ate, either in the form of crystals, or in the sparry form resem- 
bling calcium carbonate; such deposits are familiar in the sparry 
forms of chalybite, which are often met with in mineral veins,, 
and which occur in a less pure form in clay ironstone. In the 
case of massive deposits it is evident that in some cases, at least, 
the ferrous carbonate was not deposited by mere evaporation, 
but by replacement of the material which was originally present, 
such, for instance, as limestone. An example of this replace- 
ment, by means of ferrous carbonate in solution, is afforded by 
the enormous deposit of spathic ore which constitutes the Erz- 
berg, in Styria. In this case the gradual change in the character 
of the deposit from the limestone of the district into nearly pure 
chalybite, can be readily traced, and all the stages in the process 
can be fully observed. Though in the absence of air a deposit 
of ferrous carbonate may be produced from the solution in car- 
bonic acid water, either by removal of the free carbonic acid, by 
evaporation, or by replacement, the action will be quite different 
if the solution be allowed to oxidise in the atmosphere ; in this 
case the carbon dioxide will be evolved, and oxygen will be 
absorbed, resulting in the production of a precipitate of hydrated 
ferric oxide, or brown hsematite. If the solution of iron be 
oxidised in a pool or lake, this deposit will take the form of bog 
ore, while if the deposit be formed in situ, or if by subsequent 
changes the bog ore be partially dried, ordinary brown hfematite 
will be produced. It is also a very common observation that 
where carbonate ores are exposed to the action of the atmo- 
sphere, a brown coating is produced; iron pyrites is oxidised 
in a similar manner. When dense spathic ores, are thus 
weathered, the result is usually the production of limonite, 
and on the Erzberg beautiful specimens are met with which 
are internally unaltered spathic ore, and externally converted 
into limonite, a perfectly sharp line of demarcation being 
visible. 

The ores of Lincolnshire and Northamptonshire were originally 
in the form of a bed of clay ironstone, 10 to 20 feet in thickness, 
and often containing much calcium carbonate. Owing to its 
proximity to the surface the ore, originally in the form of 
carbonate, has been converted into brown haematite. 

The following analyses, quoted by Sir L. Bell from Dr. Percy, 
exhibit the nature of the changes which result in the conver- 


* Lyell, Elements of Geology, p. 395. 
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sioH of ferrous carbonate into brown hsematite,* ferrous oxide 
being oxidised to ferric oxide and water absorbed : — 


Ferrous oxide (FeO), 

Ferric oxide (FeoOa), 
Manganous oxide (MnO), 
Earthy matter, (fee., 

Carbon dioxide (COo), . 
Phosphorus pentoxide (P 2 O 5 ), 
Water, . . . . . 


49-77 

10-77 

... 

0-81 

49*57 

73*08 

1-93 

3*06 

6*60 

9-99 

13-66 

7*57 

37-20 

14-49 

0-13 

trace 

0-01 

0*22 

0-30 

8*44 

12*40 


Sir L. Bell lias discussed the geological formation of iron ores 
at some length,! while H. Y. Winch ell has also written on the 
same subject.^ 

Brown haematite is thus formed by the oxidation of pyrites or 
of ferrous carbonate, either when in solution or in the solid form. 
But when any hydrated oxide of iron is heated to a moderate 
temperature, which need not much exceed 200° C., practically 
the whole of the water is driven olf, the brown colour of the ore 
disappears, and a bright red ferric oxide is obtained. 

In this manner, it is quite easy to see how in nature red 
haematite may be produced from brown liEematite by the simple 
removal of water. But if ferrous carbonate be subjected to a 
moderately high temperature in contact with steam, and out of 
contact with air, carbon dioxide is given off, the water is in 
part decomposed, and magnetic oxide produced. Or if the red 
hsematite be simply heated to a very high temperature out of 
contact with air, oxygen would be given off, and magnetic oxide 
produced. Thus, starting with iron in solution in the form of 
ferrous carbonate, it would be possible by a series of reactions of 
the simplest kind, and such also as are going on in nature every 
day, to produce all the known oxidised ores of iron. 

Geological Distribution, of Iron Ores. — The geological dis- 
tribution of iron ores is in harmony with what is here suggested. 
The carbonate ores belong in the main to an intermediate geo- 
logical period, such, for instance, as the carboniferous ; while 
brown haematites belong to more recent, or even, in many cases, 
to quite recent periods. Bed haematites, again, are almost 
always older than carbonate ores, and have thus been more 
altered, but magnetites almost invariably belong to the oldest 
rocks with which we have to do in iron mining, and have, there- 
fore, been subjected to the influence of the highest temperature, 
very probably while in contact with steam. 

Thus in India magnetite is met with in beds or veins in most 
of the regions where metamorphic rocks occur. In the Salem 
district of the Madras Presidency magnetite occurs in almost 
unparalleled quantities, whole hills and ranges being formed of 
the purest varieties of this ore, and in many cases these deposits 


* Inst. Joum., 1892, vol. ii., p. 23. + Inst. Journ., Anier., vol. for 

1890, p. 90. t InsL Journ., 1893, vol. i., p. 178. 
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are not lodes but true beds, like the gneissose and schistose rock 
■with which they are associated. The rich ores of central India, 
on the other hand, are principally found as haematites in the 
Bijawar or lower transition series of rocks, while the ironstone 
shales of the Eaniganj coalfield belong to the carboniferous 
period. In the cretaceous rocks nodular iron ore occurs in 
quantity, and when fuel was more abundant was smelted to 
a, considerable extent by the natives. The characteristic ore, 
laterite, belongs to a more recent period, though its exact age is 
doubtful in, at least, some cases; while, lastly, there are the 
more or less soft and decomposed ores, formed by the breaking 
up of the above deposits, and these are frequently preferred by 
the natives as being less difficult to mine and reduce.* 

In the United States the chief ore deposits belong to three 
distinct geological periods. Lowest of all are the archtean ores, 
which are magnetites and haematites, and which occur in- 
enormous masses. These are met with in the eastern portion 
of the State of New York, beginning near Lake Champlain, and 
running thence, always on the eastern side of the Alleghanies, 
through New Jersey and Eastern Pennsylvania, down to 
Northern Carolina, The deposits are believed to pass right 
under Western Pennsylvania and Ohio, and reappear at Pilot 
Xnob, in Missouri, and in the enormous deposits of the Lake 
Superior region. Next in order is the red fossil ore, which 
occurs about the middle of the Silurian formation, in beds 
known as the Clinton ; this deposit runs nearly parallel with 
the outcrop of the magnetites, but .some 100 to 200 miles further 
inland in the direction of the Mississippi. This ore is worked 
in New York, Pennsylvania, Ohio, Virginia, Tennessee, and 
Alabama. The third class consists of carbonates ; they are 
relatively much less important, and occur in beds of the carbon- 
iferous period of about the same age and character as those 
in which the clay ironstone of the United Kingdom is met 
with. Each class of ore previously mentioned is accompanied 
with surface deposits of brown haematite, found chiefly in the 
upper Silurian formation, and formed by the weathering of the 
older deposits. The ores of the United States thus occur in 
the same order as those of the United Kingdom, but they belong 
to relatively earlier geological periods (compare Inst. Journ.. 
Amer., vol. for 1890, p. 92). 

With the exception of Alabama, and a few other favoured 
localities in the United States, the ore and fuel do not occur in 
the same vicinity, and it is stated that the average distance to 
which the materials to be used for iron smelting are transported 
is about 600 miles. The expense of collecting iron-making 
materials is thus much greater in the United States than in 
Great Britain. The exceptional facilities for transport afforded 
* V. Ball, Geology of India, vol. iii., p. 335. 
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by the great lakes, the Hudson and St. Lawrence Hivers, and 
a great system of canals and railways, enable the ores of Lake 
Ohamplain, or of Lake Superior, to bo conveyed to the coke of 
Western Pennsylvania, to the anthracite of the eastern portion 
of the same State, or to the coals of Ohio.*’^ 

A carefully prepared map of the Hnited States, showing the 
position of the chief coalfields, and the geological and geographical 
<listril)ution of the cliief iron ores, has been published in the 
American V olume of the Jirm'nal of tJio Iron and Steel Imtitute, 
p. 68, and a geological account of the ores of the United States, 
was prepareii liy tlic late T. Sterry Hunt in 1890.t To these 
papers tlie student is referred for further information. 

A valuable contribution to the geological histoi*y of iron ores has 
also been made W. H. lludleston,| who states that the ores raised 
in the United Kingdom in 1881 may be classified as follows : — 

'rons. 

Tertiary iron ores (Ireland), 200, 000 

durassic „ (Cleveland, Lincoln, Northamjiton), 8,970,000 

Permian ,, (bancaahirc, Cumberland), . . 2,805,000 

Coal measure iron orea, 5,418,000 

Ores older than coal measures, ..... 238,000 

17,037,000 

Phosphorus Contont and Goological Age. — It is worthy 
of observation that, as a rule, to which, however, there are 
•exceptions, the proportion of phosphorus present in iron ores, 
a factor which so largely influences their commercial value, is 
least in magnetites and other ores of ancient origin, while it is 
grcMitor in recent than in earlier carbonate ores, greater again in 
brown luematites, and probably rc^aches its maximum in some 
•samples of recent ))og oia^s. It has boon suggested by Sir L. Boll g 
that this apparent concentration of phospliorus in x’oeent ores is 
due to the increase of life in modern as compared with earlier 
ag(vs. While such an explanation, is possible, it is not necessary 
to mak(‘- any such assumption as to tlu^ amount of life upon the 
glolxi at diflenmt periods, as there ani forces now at work which 
are (|uite suHiciemt to account for the removal of phospliorus 
from the old(U‘ (hiposits if it were originally present. The phos- 
phorus, according to the*) researches of ,1. PI. Stead, || exists in ores, 
not in combination witli the iron, but in the form of calcium 
phosphate, and it nuiy be extracted from the ore by digesting 
with sulphurous acid. Calcium phosphate is an es.sential xnatorial 
for the support of |>lant life, and is obtained by plants in the 
form of a solution of the monobasic phosphate in wattT contain- 
ing carlmnic acid. The nature of the changes whicli result in the 
eonvorsion of insoluble tribasic calcium phospluite occurring in 

* Keep and Turner, ^9. Staff. Inst., March, 1888. 

t hint. Joimi.y 1890, vol. ii., p. 28. 

t Proc. GeoL vol. xi., p. 104; Tmt. Joum.^ 1880, vol. ii., p. 310. 

§ Journ.i 1892, voL ii,, p. 22. jl Trans. Cleveland Mng., 1877, p. 132. 
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soils into soluble monobasic phosphate are well described by Pro- 
fessor Tanner.* When, on the other hand, iron has once been 
deposited as oxide, this is but little affected by carbonic acid water; 
the result is that the proportion of phosphate present in ores that 
have been long deposited may be expected to be less than in more 
recent ores, since calcium phosphate is removed by atmospheric 
agencies. It is unfortunate that this action is so slow that 
long geological periods are required for its accomplishment ; for 
if the phosphorus could be efficiently removed by weathering in 
the ordinary way, or by some equally simple process, it would 
render available for the production of steel a number of ores, 
which are at present of comparatively little value, as they con- 
tain loo much phosphorus for acid steel-making, and too little to 
make the pig iron produced suitable for the basic process. 

There are other facts which indicate that many, at least, of 
the older ores were originally richer in phosphorus than they 
now are. In connection with some of the deposits of magnetite 
in Sweden, it is observed that while the mass of the ore is almost 
free from phosphate of lime, there are deposits of this inaterial, 
in the form of apatite, in the immediate neighbourhood of the 
ore, and even in some cases distributed through the ore in the 
form of olive-green or brown semitransparent masses, which can 
be separated by hand picking. Though the cause of the peculiar 
separation which, in this instance, has taken place is not clear, it is 
evident that there was no deficiency of phosphorus in the original 
deposit from which the magnetites were produced. Ores of this 
class are specially suited for treatment by magnetic concentrators, 
as in special instances tailings containing upwards of 10 per cent, 
of phosphorus have been separated, while the concentrates have 
been almost perfectly free from this objectionable element. 

SpanishL Ores. — With the demand for hsematite ores, which 
originated about 1860 from the introduction of the Bessemer 
process, came a marked development of the ore-mining industry 
of Spain, particularly on the north coast; and it is estimated 
that some 56 million tons of ore were raised in the Bilbao 
district between 1860 and 1894. These ores are rich hsematites, 
which vary in colour from the red or rubio ore, which is almost 
anhydrous, to the light yellow, brown hsematite containing up- 
wards oflO per cent, of combined water. In the United Kingdom 
these ores are chiefly imported in Cleveland, South Wales, and the 
West of Scotland, for the production of hsematite pig iron for the 
acid Siemens, and Bessemer steel works. A description of the iron 
ore district of Bilbao, with special reference to the methods of 
mining and haulage, employed at the time, was given by W. Gill 
in 1882.t Other deposits, though relatively of less importance, 
are met with in the Eastern Pyrenees. J The geological distribu- 
tion of Spanish ores has been discussed by J. D. Kendall, § who 

* Arjriculture, p. 34. Inst. Journ., 1882, vol. i, p. 63. 

i Ihid., 1894, vol. 1, p. 404. § Ibid., 1892, vol. ii., p. 308. 
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states that the magnotittis of Malaga arc of An^luean ago, while 
the ores in the proviucoH of Vizcaya and Santander occur in 
rocks corresponding to tlui Uppcn* (iroensand, and in many 
fcatun'.B roseinble th<^ haunatite dt‘.po.sits of Oumbt'rland. 

d'h(5 demand for Spanish hunnatitc^ ores has, however, boon so 
great in rc'cent y(^ars that, at ilu^ pr(^s(‘nt rate of output of some 
four million ions })er annum, the <‘xhaustion of the Bilbao dis- 
trict cannot Ix'i far distant. ari', however, underneath the 

luematite lji,rge dc‘posits of s])at.hi(* or(‘, extent of whi.(di is at 
present unknown. This on% wluai raw, (contains 43 p(m ctmt. of 
iron and 20 pt‘r c-md.. of carbon dioxide, but when caleimHl the 
iron is inci'isised to oS ptn* c<‘ut. Lai*g('. caleining kilns ha,vo 
rectmtly Ixam tuuHJUsl, and it is probable that in this way the 
supply of on^ may contiinu^ for a mimlxu* of y(‘ars.* 

in tlu!! opinion of A. B. Wilson th<* iron on^s of the South of 
Spain, and espiudally <d’ t-ln^. province of Almeria, will |)lay a 
larg<s part in the futur<' (»f tlu^ iron trad(^ There ar(^ lucmatit,o 
ores of all kinds in tin? Hmithcu'u <listricts, ineluding hard purple 
ores, brown lucmatites, and Juanganifm’ous or<^s containing over 
hO ])er cent, of iron, with 12 pt‘r cent, of mangaiu'sc. Theses ores 
do not occur in tlu^ form td' Iod(*s, but as beds or deposits pro- 
ductal by r(*phuaumint ; th<\y arti usually upon schist rocks, and 
covered by hmesione or tlolomite. As a rule tluu’O is no chiar 
division bt»tween the onnmtl limeHtoiu', as one iiasses gradually 
into the other, but the division bt^tween the ore and schist is 
clear and well tltdirual. 4'ht‘He deposits are all situated in the 
slopes of mountain ranges; tht're is an almost continuous series 
of (h'positH along the norilut'antern coast of Spain, and most of 
the outcrops are* worktsl by tlm open t^ast system. Idie following 
art^ a ftnv stdtH'ted analyses of thest^ ortisf 



UvrtvrluH. 

rurpio 

tliimiclui. 

Alfaro. 

MuKsct-lte 

MarboUa. 

Fordo oxide, . 

75-21 

79-4(1 

09 -OO 

j (i7'«l> l<'f8(),| 

1 20 08 ).'«() 

Maugantiiie dioxide. 

i:p44 

2-40 

4-07 

trace 

Silica, .... 

2-12 

7*25 

2-23 

8 -05 

Alumina, 

•95 

•27 

nil 

•34 

Lima, .... 
Magnfila, # . * I 

*24 

2-34 

0*25 

-50 

•09 

*54 

S 4-08 

5-29 

Phosphorus iHJtitox hie, , 

•OlH 

'03« 

traces 

•OIB 

Water, , • . . i 

7 ’53 

7-04 

13 ’44 

•(>9 

Mcstallic iron, . 

52-85 

55*02 

j 

48-78 

in dry ort^. 

01-20 


* WindKor Kioliartk, Jmt, Jmtrn., vol. 1, p. Uk 
t IfuL Journ.^ iS94, voL ii., p. 182; sco alao iiid, 189»3, vol. i, p. 181. 
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Iron Ores of the Colonies. — In New Zealand almost every 
known variety of iron ore has been discovered, though workings 
have only been conducted on a small scale, and have been con- 
fined to the black sands which occur plentifully on the coasts, 
those of Taranaki being best known. 

In Canada enormous deposits of iron ore occur, and in Nova 
Scotia and British Columbia ore and coal are found in the same 
neighbourhood. The rich magnetites and haematites which occur 
in the neighbourhood of the great lakes are, however, largely 
exported to the United States, owing to the absence of suitable 
fuel. A detailed account of the characters and distribution of 
the Canadian ores in the different provinces, together with chemi- 
cal analyses and some account of the works in operation at the 
time, has been given by P. 0. Gilchrist and E. Piley.* Notwith- 
standing the abundance of rich ore, and the fact that iron manu- 
facture was introduced into Quebec by the French as early as 
1737, the production of Canada is still relatively very small. 

Previous reference has already been made to the rich non- 
phosphoric ores of India, which have long been worked by the 
natives. It is stated that considerable quantities of iron ore 
have been met with in South Africa, particularly in Natal, where 
coal is also found, though these deposits are as yet entirely 
undeveloped. 

In Australia deposits of iron ore of all classes occur, but 
owing largely to the want of suitable fuel, and to the unde- 
veloped state of the country, little progress has been made in 
the manufacture of iron. The greater part of Western Aus- 
tralia is yet unexamined, though there are indications of rich 
deposits ; South Australia possesses an almost unlimited supply 
of non-phosphoric ore, chiefly haematites and limonites, some of 
which are rich in manganese, but no workable coal has yet been 
found. 

In Queensland clay ironstone is stated to occur near to coal, 
while non-phosphoric haematites, limonites, and magnetites also 
occur. Yictoria yields brown ha3matite, titanic iron sand, and 
other ores, though in quantities which are at present undeter- 
mined. The chief iron deposits, however, appear to be in New 
South Wales, in many parts of which coal, iron, and limestone 
are found in close proximity. The ores include magnetite, red 
haematite, goethite, limonite, and spathic ore, while chrome iron 
ore and oxides of manganese also occur in the same colony.t 
These ores are generally non-phosphoric, and are often rich and 
easily obtainable. Analyses of forty samples of iron ore from 
New South Wales will be found in the paper by F. C. Gilchrist 
nnd E. Riley, to which previous reference has been made, who 

* “The Iron Making Resources of the British Colonies,’* Inst, Journ.^ 
1886, vol. ii., p. 497. 

f Journ., 1892, vol. ii., p. 310. 
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state that, in their opinion, there is no reason why, with cheap 
labour and efficient supervision, India and the Colonies should 
not rival the mother country in the magnitude of their iron 
industries, and they believe that before very long Canada, India, 
Hew South Wales, Hew Zealand, and Queensland will become 
important producers of iron and steel. 

Meteoric Iron. — Iron of meteoric origin is met with in many 
parts of the world, though not in sufficient quantity to be of 
practical im])ortance, except to savage tribes. Tlie ancient 
(Ircu^ks w(u*e familiar with the fact that iron fell to the earth in 
th(^ form of meteorites, and the metal so ol)tained was highly 
})rizcd by them (see ]>. •!). It is noticeahle that meteoric iron 
almost in^'ariably contains considerable proportions of nickel, 
jind also cobalt, car])on, and phosphorus, together with smaller 
amoutits of other olemenis. The following analyses, selected 
from a numlxu* by various authorities, ** will serve to illustrate 
tli(‘. composition of meteoric iron : — 



1. 

2. 

3. 

4. 

6 . 

Iron, 

90\S() 

80*83 

71*04 

87*00 

01*35 

Nic?kel, . 

3-24 

3 '08 

20 ’(H 

0*10 

7*89 

Cohalt, . 

0'20 

0*70 

1*07 

2*00 

*50 

Comhinod carbon, , 

4-85 

0*43 

0*30 

0*38 

trace 


Analysis Ho. 5 in tlui above list is of a metootite from Hew 
South Wales, hy M’ingaye.f 

Ther<^ is some* reason for believing that iron occasionally occurs 
nativ<^ in the form of small grains, jiaubree and Mounior have 
(‘xamimul native iron, obtaiiuxl when wasliing for gold in Siberia, 
and found it to contain a little platinum, but no nickel. This 
iron did not yi(dd tlui characteristic lines known as Widmann- 
Htaitian hgurt^s wluni caixvfully etched, and was, thereforo, pro- 
bably not of m(it(5oric origin. Hativo iron from Lake Huron, 
(examined by (J. (J. lloffmarii, was also stated to bo of torrestidal 
origin. J 

* InM. 1801, vol. L, p. 2G0. 

t ii’oyal Soc. N(un South WaleSj Juno, 1803. For other analyses and 
details of meteoric iron, see luM, Journ., 1880, vol. i., p. 23(>; 1801, vol. 
il, p. 149; 1892, vol il, p. 324; 1893, vol i., p. 195; 1894, vol 1, p. 
423, &c. ■ 

:|: InnL Journ., 1891, vol il, p, 148. 
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OIIAPTEU y. 

PREPARATION OF IRON ORES. 

Extraction of Iron Ores. — Iron ores occur in so many forms 
and in rocks of such various gc'ological periods that their ex- 
traction affords examples of all kinds of mining. Iron sands 
and small deposits of brown ore ar('. not unfre(|ueutly met with 
as surface deposits, and are thus very easily worked. The brown 
haematite of Northamptonshire and Leicestersliire, of Alabama, 
and also the spathic ores of Styria are mined in open works or 
quarries; the surface earth is first removcxl, and the ore is thus 
exposed; where the land is valuable for agricultural purposes 
the surface soil is replaced after the ore has been got, so as not 
to interfere with the subsoquemt cultivation of the land. The 
celebrated deposits at Cornwall Banks in Pennsylvania consist 
of three hills overlying an immense underground mass of ore. A 
spirally constructed railway permits locomotives and waggon 
access nearly to the top of the hill. Tins ore is cut in terraces 
a little above the levd of tlu^ waggoT\s, and is thrown directly 
into the vehicle. It is stated that in this way otu^ man can work 
and load 1 ton per liour. WIku’o rivei’s containing iron in solu- 
tion enter lakes, and the ferruginous wai^(U’ is allowcal to remain 
at rest and oxidise, a quantity of hydrattul f(U'ric oxide is pre- 
cipitated ; this is obtained by dredging iTom the bottom of the 
lake in districts where other supplit's of ore are limited, as in 
some parts of Canada and Sweden. 'Idie or(^s that occur under 
a more or less considtu'ablo deposit of rock and earth are ex- 
tracted by regular mining, the arrangements for winch naturally 
depend upon the shape and distribution of the ore deposit. 
Occasionally veins of rich ore are found, atid these are treated 
by methods such as are regularly (unploy(Hl for lodes in metal 
mining. A deposit of this kind was formerly worked at Mumbles 
Head in Glamorganshire, but is now exhausted. The iron ores 
of the coal measures generally occur in regular beds or seams, 
which lie in a similar manner to tlio c5oal itself, and the iron- 
stone is mined in the same manner as the coal. In the hcematite 
districts of Oumberlaud and Lancashire, on the other hand, the 
red hsBmatito is met with in irregular pockets in the limestone. 
The largest of these deposits is that belonging to tlio Barrow 
Haematite Company, known as the Park Mines ; tins is 450 yards 
long, 250 yards broad, and of unknown depth. The ore has 
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been worked since 1850, and the present output is about 
600,000 tons per annum. It is worked by means of levels 
which are driven into the adjacent limestone at distances of 10 
fathoms, a lower level being driven as soon as the one above is 
worked out. Eises arc put up from the new level to the ex- 
hausted woi'kings above, and workings are opened out in a 9-foot 
slice by th(^ pillar and stall method, the next slice being worked 
as soon as th(^ upper one is taken out. The workings are timbered 
])y luvavy u])rigids 3 fe(‘t apart, the roof is formed with timber 
and rul)bish, whiles tln^ mines are ventilated with natural 
draught..^ In tlu^ \Vhit<diaven district some of the finest de- 
posits of on‘- occur in pockets in the upper beds of limestone, 
inunediattdy btdow the millstone grits, Imt in the Ifurness district 
th{^ ha‘matit,(^ is usually in the lower linu^stone beds in the vicinity 
of, and ofltm in actual contact with, Silurian slates. Illusti'ations 
showing the eharacd.er of tlu'st^ (I(‘])OHits have been given by 
Idiillips ; t while Sir L. Bell has described the method of working 
similar de})osits in tlu^ Lake Superior region. J 

Iron or(‘s which contain, ferrous oxid(% such as magnetites, are 
always more or less magnetic, and art', fretiut'.ntly also distinctly 
polar. Dt^posits of iron ore, therefore, fretpiently have a liiarked 
inllut'net*. on a magnetic ntiedle, and advantage lias been taken 
of this fact in (explorations for iron deposits. The instrument 
<unpIoyed in preliminary work of this kind is generally a simple 
form of (lip needle • this is capable of indicating tlio existence of 
iron ores, l)ut does not alford accurate information of the extent 
or position of tlio deposit. In order to obtain more dolinite 
information, accurate instruments are needed, and a number of 
observations must be taken. Details of the methods adojitcxi in 
such caH(‘s have been given by D. IT. Brough, and by H. 
Sjogren, II and it is stated that, especially in Bweden, and in 
Anu'rica, imjiortaut ch^posits of iron ore have been discovered by 
sucli observations, I'his mt^thod of exploration is cheap and 
<'xpeditiouH, but does not answer so well when there is a 
number of small and scattered deposits of ore. 

Prefaration of Ores. 

In some eases tlie ores of iron can be at once trontf'd in the 
blast furnace, or by whatever method may be adopted lor their 
reduction, without preliminary treatment of any kind. Where 
any preparation is necessary, this must, from the nature of the 
oase, be of a relatively cheap and simple character. In treating 

^ImL Joitm,, 1892, voL ii., p. 332. 

i Ore p. 160. 

XinsL Jmrn.f Amor., vol. for 1890, p. 75. 

§ IneL Journ.^ 1887, vol, i,, p. 281). 

II Ibid.j 1890, vol ii., p. 609. 
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ores of tliG precious metals, such as gold, silver, or even tin, lead, 
or zinc, it is not unusual to resort to troublesome and expensive 
methods of crushing, washing, and concentrating. 1 n such 
instances this is possible, on account of the relatively high 
intrinsic value of the metal and the small (piantity of mat(u*ial 
to be treated. With ii*on ores, however, it is altog(dJier 
different, as the metal to be extracted is, weight for wcugUt,, 
worth only on(5- fifty- thousandth part as much as gold, and the 
bulk of ore to be dealt with is so great. 

Sizing. — The ore is roughly separated from the earthy aTul 
other associat(5d matters at the mine, and is then, some*, times, 
hand-picked, to separate pyrites or apatite, both of whi(;h can 
in this way be occasionally removed. It may then be sized, so- 
as to promote regularity in the subsequent operations. Ores 
which contain less iron, like Cleveland ironstone, may be smelted 
in much larger lumps, on account of tlieir porous cliaracter, than 
is the case with richer ores, especially if these contain a propor- 
tion of ferrous oxide, like magnetites. It is usual, tlxereforoy 
when smelting rich magnetites or compact luematites, to br(^ak 
the ore so that the pieces shall not be much larger tlian an egg^ 
as by this means more regular and satisfactory results ar(^ 
obtained. 

ConoentratioiL of Iron Ores. — It is seldom that any systtntii 
of concentration can bo pr()fital)ly applied to ir-on or(iS otluu" 
than magnetites, and, in exceptional cases, to dense nul hjema- 
tites. The systems of concentration that arc actually employcul 
include which is the older, and maynatic Heparation^ 

which is the more important process. 

Washing. — Magnetic iron sands or tailings are sometimes 
washed by haml in India, Sweden, Canada, and elsowhenv 
though this is conducted on a very moderate scale. In the 
Khasi Hills, in India, the ore occurs in the form of a fine sand, 
consisting of minute crystals of titaniferous magm^tic oxide, 
which are regularly distributed in the mass of d(K‘,omp()secl 
granite. This soft and easily-yielding rock is not mined or 
quarried, but merely raked by Khasi women, during the rainy 
season, into a small stream of water conducted along a little 
channel at the base of the rock from which the ore is obtaimHi.* 
In Malabar a friable decomposed schist is crushed by the nativea 
with a large wooden hammer, and the sand thus produced m 
washed in a wooden trough with water, to separate the mag- 
netite which is present. Hut where washing of iron ores is still 
conducted, mechanical arrangetnents have in iiiost cases been 
introduced to save time and labour. These mechanical concen- 
trators may be classified into three kinds — jigs, troughs with 
revolving shafts, and cones. In its simplest form, a jig consista 
of a wooden box with a perforated bottom ; the ore is placed in 
* Y, Ball, Geology of India, vol. iii., p. 413, 
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the box, and the whole is immersed in water; a pulsating motion 
is imparted to the particles of ore, either by shaking the box, or 
by pumping the water ; the particles being thus kept in a state 
of continued motion while suspended in water, arrange them- 
selves according to their relative densities, and may be separated. 
At ISTorberg, in Sweden, ores consisting of red haematites, with 
variable quantities of magnetite and quartz, have been concen- 
trated, on a considerable scale, by first crushing with a stone- 
breaker, and sizing by means of conical trommel screens. The 
ore after being thus carefully sized was treated in jigs, and the 
fine ore made into briquettes, with about 10 per cent, of lime ; 
after standing for some time these briquettes became quite hard 
and suitable for smelting.* 

The Thomas ore washer consists of a water trough some 25 
feet long, 5 feet wide, and 2 feet deep. In this trough the ore 
is passed and kept in constant motion by means of two revolving 
shafts which may be geared together, and which force the ore 
up the inclined bottom of the trough ; the clay is thus broken 
up and carried away by the water to suitable settling tanks. 
Such a washer, with about 40 gallons of water per minute, and 
15 horse-power, would wash some 70 tons of ore per day. Cone 
washers, which resemble the ordinary huddle, are also sometimes 
employed. Ore washing is more largely conducted in Yirginia, 
Georgia, Alabama, and Tenessee than elsewhere, t For a de- 
scription of an improved ore washing plant erected at Longdale, 
Virginia, in 1891, see Inst. Journ.^ 1894, vol. i., p. 427. 

Magnetic Concentration. — Magnetic concentration has been 
introduced in recent years in the treatment of Lake Superior ores 
in America, and of the magnetites of Sweden and elsewhere ; it 
was first proposed by Chenot in his patent of 1854 for the direct 
production of steel, though no details were given of the machine. 
Brass filings had previously been freed from iron by a machine 
in which permanent magnets were employed, but Chenot pro- 
posed the application of electro-magnets arranged so as to sort 
the ore in a continuous manner. J Modern magnetic concentrating 
machines are improved applications of the principle thus suggested 
by Chenot. 

The ore to be concentrated is usually the waste from the mine, 
and is in a tolerably fine state of division. In some instances it 
is roasted before being passed through the magnetic concentrator. 
In any case it is crushed and sieved so far as may l)e necessary 
to bring it to a uniform size. The size of the particles depends 
partly on the nature of the ore and also on the degree of con- 
centration desired, finer crushing being necessary for more perfect 
purification. The screens employed for different samples of ore 

* Inst. Journ., 1889, vol. i., p. 240. 

1890, vol. ii., p. 670. 

t Jeans, Steel, p. 39. 
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liave meshes which are from about inch to 1 J- inches apart. 
There are a variety of machines in opon-ation at present, (lilftn-ing 
in details of construction, in all of wliicli powerful electro-magnets 
are employed. The arrangements for handling the ore are as far 
as possible automatic throughout, and the cost of crushing, con- 
centrating, and loading into waggons is statcul nnd(‘r favourable 
conditions nob to exceed ninepence per ton. It is l)(‘.st, especially 
with finely-divided ores, not to allow the ore to fall dircmtly on 
to the separator, but it is caused to pass near to thc^ magnets, 
either while it is carried on a revolving l)and, or while lield l)y 
centrifugal force against the sides of a rotating drum ; occasion- 
ally also the ore is suspended in a stream of water. A much, 
more satisfactory separation is obtained in this manner than in 
cases where the ore is fed on to the separator, as the materials 
in the latter case are simply bound together on to the magnets. 
The separation is also more complete when powerful currents arc 
employed, and when the crude ore is as far from the magnets as 
is compatible with eUlcient working. 

Magnetic concentration, not only removes a considerable pro- 
portion of the gangue, thus adding t:) tlie intrinsic value of tlui 
material, and reducing the cost of transj)()rt, l)ut it has the 
additional advantage of eliminating a larger proportion, of tlui 
phosphorxis, and in some cases also tlie sulj)liur, that is present 
in the original material. Practically this is the only nuithod of 
removing phosphorus which has been successful for the i,reatment 
of ores on the large scale ; and it is stated that when the sulphur 
is present in the form of pyrites it is more readily rcmioved hy 
magnetic concentrators than by calcination. The following ligures 
illustrate the results obtained V)y the use of the “ Monarch 
magnetic separator at thc5 Benson. Minos in America: — ***" 



Oriulc Oro. 

Oonccutratoa. 

TailiiigB. 

Iron, per cent., 

45-48 

01-40 

5-60 

Phosphorus, 

0-158 

0-042 

1-25 


In this case the tailings formed 25 per cent, of the original 
weight of the ore. 

The Venstrom magnetic Ksoparator, which has l)een in use at 
Dannemora and elsewhere in Sweden, and in America for a 
number of years, is capable of treating ore in large pieces, u|) to 
3 inches in diameter, and is said to give very satisfactory results.! 

It is stated that the chief types of magnetic concentrators 
employed in the United States in 1890 were the Ikill and Nor- 
ton, the Conkling, and the Wiman, each of which consists of a 

* Journ., 1890, vol. ii,, p. G76. 
t Ibid., 1889, vol. i., p. 243 ; 1890, vol. ii., p. 672. 
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revolving magnetic drum acting on a stream of finely-crushed 
ore. The cost of concentrating a 35 per cent, magnetite to 57 
per cent., including crushing, interest on machinery, loss in taih 
ings, steam, and all charges, is 4s. lOd. per ton, raising the 
original price of the ore (8s.) to 12s. lOd.*^ 

Magnetic Treatment of other Ores. — Brown haematites, 
limonites, and other hydrated oxides of iron are not magnetic, 
and so are not capable of being concentrated by magnetic separa- 
tors. But it has been pointed out by C. Jones f that these ores 
become magnetic when heated to low redness. This writer, 
therefore, suggests that such ores could be profitably concen- 
trated, in many cases, after careful roasting at a cherry red heat. 
The ore is drawn off when it has reached this temperature, and 
is ready for magnetic concentration. It is stated that concen- 
trates containing nearly 50 per cent, of metallic iron, and tailings 
with only 2*5 per cent., can thus be obtained from limonite. 

According to G. Prus, however, it is usually necessary to 
convert ferric oxide into magnetic oxide before concentration, 
and this can be done by calcining the material when mixed with 
from 1 to 5 per cent, of fine coal. X 

Some experiments on this point, conducted at Mason College 
by PI. Harris in 1893, at the suggestion of the author, have 
shown that ores which consist essentially of ferric oxide are 
non-magnetic, or nearly so, both before and after heating to 
redness ; the same is also true of the sample of brown haematite 
and limonite examined in these experiments, though, as stated 
by Prus, all these ores become magnetic when calcined with a 
small proportion of coal, so as to ensure a partial reduction. 
Carbonate ores are non-magnetic when in their native condition, 
but on heating to redness they become distinctly magnetic. The 
magnetic property, therefore, appears to be connected with the 
presence of ferrous and ferric oxide together, either in the orig- 
inal material or while it is being heated. Ores which have been 
calcined on the large scale are generally magnetic, even though, 
as with Northampton ore, no ferrous oxide were originally pre- 
sent ; apparently there is sufficient reduction during calcination 
to render the ore magnetic. An ore which has been once mag- 
netised appears to retain its magnetism, even though it be aftei'- 
wards completely oxidised at a red heat. In these experiments 
’ it was found possible, by means of a magnet, to considerably 
reduce the proportion of silica and phosphorus in a sample of 
powdered Cleveland ironstone which had been calcined in a kiln 
in the usual manner. In British ores, however, the calcium 
phosphate and silica are generally present in a state of fine 
division, and are intimately associated with the ore ; magnetic 

* Inst. Journ. (Amer. vol.), p. 350. 

t Trans. Amer, Inst. Min. Uvg.i vol. xix, ; Inst. Joum., 1820, p. 671. 

t Inst. Journ. f 1891, vol. i, p. 273. 
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concentration does not, therefore, yield such good results as in 
the cases previously described, where the apatite and pyrites 
exist in the form of separate particles. 

Preparation of finely-divided Iron Ores. — Ores which are 
in a very fine state of division are often difficult to smelt in tho 
blast furnace, owing to the resistance they oppose to tlio pas- 
sage of the blast. This is one reason why the JBlooinery and 
other direct processes are still employed in districts wliero iron 
sands have to be reduced, as such material can be more r(;adily 
treated in small quantities. In some instances, after tlie ore 
has been calcined, as afterwards described, the product is allowed 
to run over inclined sieves, so as to remove the finer portions, 
which are either treated separately or even thrown away ; and 
it is found that the extra expense thus incurred is more tlian 
repaid by the improved regularity in the furnace working. A 
number of suggestions have been made for the utilisation of 
purple ore,'' the residue left after the extraction of sulphur 
and copper from Spanish pyrites, which is almost pure ferric 
oxide in the condition of a fine and tolerably uniform powder. 
The methods that have actually been adopted, though in no case 
on any very considerable scale, include mixing with lime, or 
with coal tar, and pressing into bricks ; while clay has also bc( 3 ri 
employed for the same purpose. Hutchinson and Harbord (Eag. 
Pat., 2,747, 1891) have proposed to utilise such ores by incor- 
porating them with molten blast furnace slag. 9,1118 lias tho 
effect of rendering the material coherent, and at tho same tiim^ 
the ore is self-fluxing, as the slag readily melts again in. tho 
blast furnace, I'hus, it is claimed, that on incorporating a 
mixture of equal weights of purple ore and Cleveland slag, a 
valuable self-fluxing ore is obtained. The approximate com- 
position of the slag and of such a mixture is as follows : — 



Slag. 

Mixturo. 

Silica, .... 

27*6 

14-0 

Alumina, .... 

22-2 

ll'O 

Lime, .... 

40-1 

20’() 

Magnesia, 

7*6 

3-8 

Ferric oxide, . 


49-() 

Other constituents, . 

2-5 

2*2 


The native ores which are smelted in Germany are in many 
^es in a state of very fine division, and, according to A. 
inielen, more than one-fourth of the ore smelted in tlic blast 
turnaces of Germany is of a size much finer than peas, and is 
sometimes as fine as dust. On this account it is necessary to 

*In8e. Journ., 1S90, vol. ii., p. 49. 
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employ furnaces of only moderate heiglit, and to use a relatively 
low blast pressure. It is, however, a noticeable fact that in 
America large quantities of finely-divided ore are smelted, even 
with rapid practice. Such ores for instance as have been crushed 
for concentration by washing or with magnetic separators are in 
a state of tolerably fine powder, and J. Gayley states that at 
the Edgar Thomson Works recent practice has shown that far 
better results are obtained by discarding the lumps and using 
the fine ore."^ E. Mofiart also gives as the result of his 
experience that with concentrated Lake Champlain ore, all of 
which would pass through a sieve with a |-inch mesh, and much 
of which was much finer, that no difficulty was met with when 
treating 50 per cent, of concentrates in the blast furnace, f The 
above statements indicate that no uniform method is adopted in 
prei)aring ores which are in a state of fine division, but that 
the treatment varies according to the special conditions of the 
locality. 

Weathering. — After the ore has been raised from the mine it 
is not unfrequently stacked in heaps and exposed to the action 
of the weather, for a period which varies from about three months 
to some three years. The object of weathering is twofold. Ores 
such as clay ironstone, obtained from the coal measures, are often 
associated with more or less shaly matter, which adheres so 
firmly to the ore itself as to make its separation by hand-picking 
a matter of extreme difficulty. The ore is, however, dense and 
of uniform texture, while the shale is deposited in layers ; if the 
ore and shale are exposed to the weather together, the shale is 
split off by the moisture and frost in thin sheets, which soon 
crumble to powder; the ore, on the other hand, if it be not 
weathered for too long a period, is but little altered. Ores 
which contain sulphur in the form of iron pyrites (EeSg) are 
also weathered ; the moisture and oxygen of the atmosphere 
oxidize the sulphide of iron, converting it into sulphate (FeSOJ, 
which is readily soluble in water. It is, therefore, washed out 
by the rain, and finds its way into the drainage water. If this 
drainage water also contains peaty matter, an inky blackness is 
produced which is not uncommon in some parts of Sweden. The 
objects of weathering are thus to remove shale and sulphur, and 
only such ores are weathered as contain these substances in 
objectionable quantities. Ores which are already in a state of 
fine division should not be weathered, as they would be con- 
verted into still finer powder ; nor should materials which 
contain both lime and sulphur be weathered, for in such cases 
the ferrous sulphate formed by oxidation would be decomposed 
by the calcium carbonate present in the ore ; the result would 
be the formation of calcium sulphate, which is very difficultly 
soluble in water. It would, therefore, not be washed away in 

* Inst. Joum., 1890, vol. ii., p. 73. Ibid., 1889, vol. i., p. 300. 
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the drainage -v^ater, but would retain the sulphur in a f'orin 
which would be nearly, if not (|uite, as objectionable as l»h(v 
original pyrites. 

Calcination of Iron Ores. — The term calcination is appli('(l 
when a material is heated in order to drive off any Yolidih-? 
constituent, such for instance as in burning lime, when (ijirbon 
dioxide is driven oif from limestone. The word roasting, on 
the other hand, is used when the chief object is to axi(lis(^ I hn 
material; it is not necessary in roasting that any volatiles 
portion should be removed. In the metallurgy of iron the 
difference between these terms is often overlooked, and the 
whole is known as calcination; the objects of calcinauon arcj m 
follows : — 

1. To drive off water which, when present in too largo 
quantities, leads to irregular working in the blast furnace. 

2. To eliminate carbon dioxide from carbonate ores. This 
concentrates the material, and also diminishes the liability to 
waste of fuel owing to a reaction between carbon dioxide and 
carbon in the upper parts of the furnace ; ib also diminishes the 
bulk and improves the quality of the gases from the furnace* 

3. To eliminate sulphur, and to a smaller extent arsenic md 
any other voLatile impurities. 

4. To oxidise the ore and by converting ferrous into ferric 
oxide to diminish the liability to the formation of a scouring" 
slag — ie., one which is very fusible owing to tho pri‘sonc (5 of 
ferrous oxide, and which leads to loss of iron and to tlus rapid 
destruction of the furnace lining. 

0. To remove carbonaceous matter, which when j)r(\sc'at in 
considerable quantity, as in blackband ores, prevents tho proptsr 
fusion of the materials in the blast furnace. 


A series of experiments has been conducted by S. G. Yalonbine 
in order to determine the conditions under which sulphur can 
be most efficiently removed by roasting from iron orcis which 
contain pyrites. Such ores can be properly desul[)liuris(!tl if tlun-e 
be free access of atmospheric air during the calcination; tho 
presence of air is, however, absolutely necessary for couiph^to 
desulphurisation, as otherwise only one-half of the sulphur in 
pyrites is eliminated. Sulphates of iron are decomposed (MiuaJIy 
well whether air be present or absent, so that if the bo 
sufficiently oxidised in the preliminary stages of the calciniitiotL 
desulphurisation may be completed in a neutral atmoHph(U'c\ 
rartial fusion or sintering of the ore is very liable to pnsvciit 
complete desulphurisation, as it interferes with tho ready access 
ot oxygen. ^ Since by the action of reducing agents sulphates arc 
converted into sulphides, the sulphur in iron ores ciumot b© 
removed m a reducing atmosphere, as for instance in the xipmr 
parts of the blast furnace.* The magnetic ore of the eelobrated 
* Imt. Journ., 1889, vol. ii., p. 333. 



PREPARATION OF IRON ORES. 


Cornwall Banks in Pennsylvania was in all probability origins 
deposited in the form of iron pyrites, and still contains ab' 
2*5 to 3*25 per cent, of sulphur. It is generally calcined as afi 
wards described by gaseous fuel, which is frequently obtaii 
from tho blast furnace; the sulphur is thus reduced to ab 
one-tweuticth of that in the native ore. It is thus possible 
efiicient calcination to very considerably diminish the percent 
of sulphur in many iron ores. 

On the other hand, it is important to observe that, as 
phosj)horus in iron ores exists chicdiy in the foi-m of calci 
phosphate, which is unaltered by heat in an oxidising ati 
sphere, tlie amount of pliosphorus originally present is : 
diminished by calcination, and as the weight of the calcined 
less than the Aveight of the raw ore, tlic proportion of ph 
phorus in the calcined ore is greater after calcination, owin^ 
its concentration in a smaller bulk of material. 

Ores which contain but little water, sulphur, carbon dioxi 
or carbonaceous matter, do not need calcination ; hence m 
nctites and red haunatitcs are seldom calcined except when tl 
(contain pyrit(‘-s ; brown haunatites are calcined at a temperat 
sufficient to drive off most of their combined water ; while c 
ironstones and blackbands are almost invariably calcined. ( 
cination is usually accompanied by a marked change of cok 
and brown hsnmatitos, light brown spathic ores, grey clay ir 
stones, and jet-black blackbands are all alike converted i: 
red ferric oxide. If the temperature employed in calcination 
high, the ferric oxide frequently has a deep purple colour, wh 
at times' I )ecomes almost black. But on grinding the mate] 
to an imptilpal)le powder, it becomes once again bright r 
showing that the dark colour is due to a physical change in • 
oxide, whereby it is romlcred more compact. Ores which hi 
been, impropcnly calcined frequently have a black colour, t 
are v(5ry dense and clotted together. This is caused by lo 
overheating, usually combined with a deficiency of air. Th 
conditions prevent complete oxidation, and tho presence of so 
ferrous oxide causes the materials to assume a black colour a 
to clot together in lumps. Such portions arc unsuitable 
smelting, and are sometimes broken up and recalcined. 

Boasting in Open Heaps.— Oalcination was formerly alw: 
conducted in heaps in the open, air, and this primitive methoc 
still followed to a limited extent in certain localities, particula 
for blackbands, brown luematites, and tap cinder. A level, ( 
piece of ground is chosen, and on this lumps of ore are plac 
rough slack is spread over these, and alternate layers of ore t 
slack are spread until a heap of th© required size is obtain 
In Staffordshire these heaps are from about 5 to 10 yards wi 
2 to 4 yards high, and 10 to 50 yards long. The heaps 
kindled at one end, and the combustion is allowed to proci 
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until the operation is completed, while the temperature is regu- 
lated as far as is possible in such a case by opening up the outer 
parts of the heap, or covering it with fine ore, as may be required 
to increase or diminish the supply of air. Black band ores often 
themselves contain so much carbonaceous matter that it is not 
necessary to add any coal in calcining ; these ores are almost 
invariably calcined in open heaps, as economy of fuel need not 
be considered, and it is necessary to remove the cai’bonaceous 
matter. 

Calcining in Kilns. — Tn modern works the general practice 
is to calcine in kilns, which are usually, though not invariably, 
circular in section, and which possess the following advantages 
as compared with open heaps : — 

Kilns occupy much less space, and as they are continuous in 
their action, they can be placed near to the furnace, thus saving 
the labour required in distributing and collecting the ore over a 
large area. They further save labour, because the materials can 
be readily brought to the top of the kiln by mechanical means ; 
and as it descends by gravity, the charge does not require 
handling again until it is taken to the furnace. In kilns the 
ore is protected from the weather, and irregularities due to wind, 
snow, or heavy rain are minimised ; the process is thus much 
more under control : while, lastly, the consumption of fuel is less 
in properly-constructed kilns than in open working. This economy 
of fuel is partly owing to diminished loss by radiation, due to 
the fact that combustion proceeds in a space which is surrounded 
by brickwork ; but, in addition, the method of working such a 
kiln causes it to act in some measure as a regenerator. Combus- 
tion takes place chiefly below the surface of the freshly-charged 
cold materials, and the hot gases in passing through the upper 
parts of the calciner, give up their surplus heat to the cold 
charge. On the other hand, the hot ore in descending through 
the lower parts of the kiln, gives up much of its heat to the 
ascending current of air ; thus the materials, from the mere fact 
of being charged in at the top and withdrawn below, assist in 
heating up the air that is required for the combustion, and in 
cooling the products of this combustion before they pass away. 

Roasting between Closed Walls. — Iron ores are not unfre- 
quently calcined between closed walls, and this method occupies 
an intermediate position, so far as economy and convenience are 
concerned, between open heaps and kilns. In. calcining the 
brown haematites of Northamptonshire, where it is only desired 
to drive off part of the water which is present, and where a very 
moderate temperature is required, it is customary to employ a 
series of walls of masonry, of moderate height, arranged in a row, 
and parallel to each other. The ore and fuel are brought by an 
cverliead railway, which passes down the centre of the row of 
walls, at right angles to the length of each wall. The materials 
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are thus readily brought to the calcining heaps, which are situ- 
ated close to the blast furnace. This method requires less space 
and labour than open heaps, but the ore is exposed to the weather. 
Ill South Staffordshire tap cinder is frequently calcined between 
closed walls, though the arrangement is somewhat different from 
that just described. In this case a long wall of masonry is 
built, and at right angles to this wall are smaller walls, all 
of equal length. A number of stalls are thus obtained with per- 
manent walls on three sides. In these stalls the cinder and fuel 
are placed, and as each stall is filled up, a temporary wall is 
made at the front of the stall. In this way a number of what 
are practically rectangular kilns built back to back are produced. 
Though this method is better than the use of open heaps, it does 
not completely protect the materials from the influence of the 
weather, while it involves much labour in removing the calcined 
materials. 

Calcining Kilns. — Modern calcining kilns may be classified 
according to variations in shape and methods of firing. They 
are generally circular in section, and fired with coal; in Germany 
rectangular kilns are sometimes employed, while at Dowlais 
kilns with parallel sides and circular ends have been used for 
many years. In America, Sweden, and a few other localities 
kilns are fired by means of the waste gases from the blast 
furnace, or other cheap gaseous fuel. 

The form of kiln most generally used in Britain is known as 
the Cleveland calciner ; it is also called the Gjei's kiln from the 
fact that it has been described by Jno. Gjers.*^ This is a circular 
kiln made of wrought-iron plates, ri vetted together, and lined 
inside with about 14 inches of fire-brick; it is shown partly in 
elevation and partly in section in Fig. 12, the scale being 10 feet 
to an inch. 

The floor of the kiln is covered with cast-iron plates, c, on the 
centre of which is fixed a cast-iron cone, d, 8 feet high and with 
n base 8 feet in diameter; the object of this is to cause the 
descending materials to pass outwards and so assist in the 
regular descent of the charge. A number of short cast-iron 
columns, 5, rest upon the bottom plates, and support a cast-iron 
ring, a, upon which the kiln itselt is built. These calciners are 
about 33 feet high and 24 feet in diameter; their capacity is 
about 8,000 cubic feet, or 350 tons of ore; they calcine rather 
less than 1,000 tons of ore weekly, and use about 1 cwt. of coal 
per ton of ore treated. The ore and fuel are brought to the kiln 
in trucks running on the two lines of rails shown at the top of 
the calciner, and the trucks are arranged to allow of the 
materials readily falling out when the bottom of the truck is 
released. In the lower row of plates is a number of openings, 
to which are attached doors by means of which the draught can 
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be regulated, and any obstruction removed in case of irregular 
vorking. Illustrations of other forms of kilns ernployc^d for 
calcining iron ores will be found in Phillips-Baiiermau’.s Metal- 
lurgy^ 1891 Edit., p. 206; Eoberts-A listen's Metaihcrgy^ p. 180, 



Fig. 12. — Cleveland calciner. 
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to about 1 per cent. The gas is either made in producers, or is 
obtained from the blast furnace when the latter is available. 
A vertical section of the lower part of the kilns employed is 
given in Fig. 13, from which it will be seen that the outer shell 
is of iron plates supported on cast-iron columns as usual, though 
the shape is different to that commonly adopted in Great 
Britain. The chief peculiarity of this kiln is the way in which 
it is fired, gas passages being provided in the lower part of the 
fire-brick lining, and suitable ports arranged for the entry of the 
gas ; the air is supplied by the natural draught of the kiln. For 
further details of these ores and calcining kilns, see Inst Journ, 
(Amer. voL), pp. 78, *234, 367. Kilns on a similar principle for 




Fig. 13. -Gas-fired calciner. 


calcining iron ores with the waste gases from the blast furnace 
have been in general use in Sweden for many years, and are 
illustrated by Dr. Percy {Iron and Steel, p. 376). 

The Davis-Colby kiln is another form of calciner which has 
met with favour in America, and in which gaseous fuel is em- 
ployed. In the later forms of this calciner the ore is charged 
into an annular chamber ; this is in turn surrounded by a gas 
combustion chamber, while inside is a central vertical flue. 
The products of combustion pass from the outer chamber through 
the ore and away by the central flue. The ore is fed over a 
central cone and withdrawn below. The gas is supplied by a 
single Taylor gas-producer which uses about 3 tons of bituminous 
coal in twenty-four houi*s, during which 125 tons of ore are 
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roasted. The kiln is stated to work uniformly, and to give a 
very complete removal of sulphur in pyritic ores. It is also 
used for carbonate and brown ores, while the waste gases from 
the blast furnace may be employed if desired.* 

The Taylor-Langdon kiln is a form of gas-fired calcinor em- 
ployed at the Bristol iron mines, Canada, where New Jersey 
magnetites, which are very hard and dense, are treated. The 
kiln consists of a central gas distributing chamber surrounded 
by ore chambers which are arranged so as to receive their supply 
of ore from a common receptacle at the top of the furnace. Tlie 
magnetite is charged in lumps about as large as a man’s fist, and 
after calcining, is withdrawn from the bottom of the ore chambers 
by suitable shoots. The gas used is regulated by dampers, and 
is obtained from anthracite, of which about 6 tons are required to 
calcine 100 tons of ore.f 

In exceptional cases complicated methods are adopted, as in 
the treatment of spathic ores at Allevard, where the large pieces 
are first hand-picked, then calcined in gas-fired kilns, again 
hand-picked, and afterwards passed through a magnetic con- 
centrator. The small ore is differently treated, being first 
i^aechanically sized, then washed, calcined in reverberatory fur- 
naces, wetted to slake the lime and magnesia, and pressed into 
bricks, which are smelted after being dried for some eight days.]: 
It has, however, been already explained that such a complicated 
system is not usual for the preliminary treatment of iron ores. 

*l7zs£. Jottrn., 1894, vol. i., p. 428. 
fJbid., 1887, vol. ii., p. 232. 
tihid., 1894, vol. i., p. 426. 
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CHAPTER YL 

THE BLAST FURNACE. 

Selection of Site. — When in earlier times the materials lor the 
smelting of iron were obtained in the immediate neighbourhood 
of the works, and when the greater part of the product was in- 
tended for local consumption, the locality of the blast furnace 
was determined chiefly by the nearness of the supplies of raw 
material, and the vicinity to a convenient market for the iron 
produced. The actual site of the furnace was usually selected 
with a view to smelting the materials with as little expenditure 
of power as possible, and a position was thus generally preferred 
on the side of a hill, or in a valley, so that the charge could be 
wheeled on to the furnace top, while the slag and iron ran out 
on to the level ground below. 

With the enormously increased 'production of modem times, 
the position of a blast furnace is determined less by the nearness 
of the supplies of raw material than by the readiness with which 
these materials can be brought to the furnace. Modem iron 
works are, therefore, generally erected near the sea, or on the 
banks of a tidal river, or in some other situation with facilities 
for cheap and ready transit; the site chosen should be a well 
drained level piece of ground, sufficiently large to allow space 
for calciners, stoves, pig beds, stocks, railways, and other re- 
quirements. If the land be not already in good condition it must 
be carefully made up and levelled, and it is necessary that a good 
firm foundation should be provided for the furnaces if the land 
be loose or shifty. The weight of a large furnace with the 
materials it contains when at work is very great, and to carry 
this weight in shifty soil it is often necessary to drive long piles ; 
not unfrequently, even after considerable expense has thus been 
incurred, inconvenience is caused by the settling of the foundation 
some time after the furnace has commenced operations. Nearness 
to the sea not only allows of the ore and coke being cheaply 
transported, which, on account of the great weight of the former, 
and the bulk of the latter, is of prime importance, but also allows 
of the ready disposal of the slag for the reclaiming of low-lying 
land, the formation of breakwaters, and for other useful purposes. 

Arrangement of Works. — When the materials were taken 
to the furnace top by means of an incline, a bank of earth was a 
necessity, but with the almost universal application of lifts a level 
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te'laid with railways has come to be preferred. The rails pro- 
ided for the transport of materials in the works should bo laid 
ith easy gradients, and sharp curves should be avoided, as tlu^y 
ivolve additional working expenses. It is convenient to have 



standard gauge, and when the 
i-7irU>,° ^^1 lines of rails should bo provided 
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for stoves, pig beds, slag runners, and for working round the 
furnace. A good supply of water for cooling and other purposes 
is also necessary. In America it is not unusual to cover the pig 
beds with a light and tolerably lofty roof.* 

The general arrangement of a blast furnace plant in the Cleve- 
land district is shown in Fig. 14, which is taken from a paper 
by Sir B. Samuelsoa,f and which is a plan of three blast furnaces 
with the necessary stoves, calciners, boilers, engines, pig beds, 
and railways. The ore is brought into the works in trucks on 
the mineral sidings shown in the plan, and from thence is raised 
by a hoist to the top of the calciners ; it then passes down a 
gentle incline over the calciners, into one of which the ore is 
dumped while the empty truck passes on to the drop and thus 
out of the works. Two lifts are provided to supply the three 
furnaces with calcined ore, fuel, and limestone, while each furnace 
is provided with separate rails for removing the slag, and with 
two Cowper stoves for heating the blast. The blast is supplied 
from one main to the three furnaces, and five calciners are 
required to calcine the ore used. The number of furnaces in a 
modern plant varies, occasionally as many as twelve being built 
in a row, as at Barrow, but the plan given by Sir B. Samuelson 
may be considered as typical of many of the best works in the 
United Kingdom. In the paper from which these details are 
taken full particulars are given of the cost of the plant, from 
which it appears that to erect three furnaces in Cleveland with 
all the necessary appliances costs about £75,000. 

The arrangement of blast furnace plant in a modern American 
works differs in some respects from that adopted in Great 
Britain, and a plan of a typical American works is given in 
Fig. 15, which represents the celebrated Edgar Thomson Works 
at Bessemer, near Pittsburg, Pa. This plant includes nine blast 
furnaces, lettered respectively from A to I, and thirty-three hot 
blast stoves, the total weekly output being about 11,000 tons of 
pig iron ; all the blast furnaces make iron of Bessemer quality 
except A, which produces manganiferous iron or spiegel/’ and 
is, therefore, of smaller size, and worked in a different manner 
to the rest of the furnaces. As the ore used is rich and free 
from moisture and carbon dioxide, calciners are not required, 
but stock yards are provided, which are roofed over and well 
supplied with railways. The furnaces are arranged in pairs, but 
each is independent of the other being provided with separate 
blowing engines, and with a double cage hoist for raw materials, 
which is worked with a suitable engine. Each pair of furnaces 
is provided with a group of boilers and with the necessary 
chimney stack. Suitable railways are also arranged for dealing 
with the slag and iron produced by the furnaces. 

* H. Pilkington, “Blast Pumace Equipment and Design,” S, Staff. 
Inst.y 1892. t Inst. Journ., 1887, vol. i, p. 91. 
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Construction of the Blast Furnace. — The internal shape 
and dimensions of a modern Cleveland furnace are shown in 
Fig. 16, taken from Sir B. Samuelson’s paper. The furnace con- 




Fig. 16 .— Section of Cleveland blast furnace, 
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by two Cowper stoves for each furnace, and enters through six 
twyers at a temperature of about 1,450° F., and a pressure of 
5 lbs. to the square inch. The Cleveland ore employed contains 
but slightly over 30 per cent, of metallic iron, and is calcined 
before being used in the blast furnace; about 12 cw^ts. of lime- 
stone is added for each ton of iron made, while about 20 cwts. 
of hard Durham coke, containing about 7 per cent, of ash, are 
required per ton of iron. The weekly output of such a furnace 
would be about 500 tons of grey pig iron, while 750 tons of slag 
would also be produced in the same time. 

As an example of the internal construction of a modern 
American blast furnace, that of furnace F of the Edgar Thomson 
Works which is shown in Fig. 17 may be taken. 

The furnace is supported in what is now the usual manner on 
cast-iron columns, upon which rests an annular ring, upon which 
in turn the shell of the furnace is supported. This consists of 
plates of wrought iron or mild steel rivetted together, and lined 
with specially shaped slabs of fire brick. In America the internal 
lines of the furnace consist of four parts, each represented in section 
by a straight line — viz., the hearth, the boshes, the belly part, 
and the stack. The fire bricks are, therefore, more uniform in 
shape than in Great Britain, where curved lines are often pre- 
ferred, and' each ring of slabs is different in curvature from that 
immediately above or below it. The maximum internal and ex- 
ternal diameters of this furnace are respectively 22 and 30 feet, 
the diameter of the hearth 1 1 feet, of the charging bell 1 2 feet, 
and of the throat 15-5 feet. The height is 80 feet, and the cubic 
capacity 18,200 feet. The blast supplied is 25,000 cubic feet 
per minute, which enters the furnace through 7 twyers at a 
temperature of 1,100° F., and a pressure of 9 to 10 lbs. to the 
square inch. The ore used is rich, containing 62 per cent, of 
metallic iron ; 10 cwts. of limestone are required as a flux for 
each ton of iron produced, while 17 cwts. of hard Connells\dlle 
coke, containing 10 per cent, of ash, are employed. The slag 
produced contains 33 per cent, of silica and 13 per cent, of 
alumina ; the waste gases which pass off by two downcomers 
contain 27*5 per cent, of carbon monoxide, 11*7 per cent, of 
carbon dioxide, and escape at a temperature of 350° F. This 
furnace has produced an average weekly output of 2,208 tons of 
pig iron, 95 per cent, of which was JSfo. 1 or 'No. 2 grades, during 
eleven months working, the maximum being 2,462 tons per week ; 
a similar furnace has since produced over 3,000 tons per week.=^ 

Of these two examples it will be observed that the Cleveland 
furnace has the largest internal capacity, and the smaller hearth ; 
it smelts a poorer ore, has a smaller weekly yield, makes more 
slag, and consumes more coke per ton of iron made, though the 
coke is somewhat better than Gonnellsville. On the other hand, 
Joum. (Amer. vol.), 1890, p. 241. 
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the original cost of the plant is somewhat less, while the furnace 
runs about live times as long without requiring relining, so that 
the actual production of iron during the working life of each 
furnace is about the same. In order to lengthen the wear and 
retain the shape of the boshes in furnaces which work rapidly, ^ 
it has been found necessary to introduce water blocks, or hollow 
iron castings through which water circulates, in the brickwork 
of the bosh. . !Four such water blocks are shown in the section 
of the Edgar Thomson furnace, and in more recent furnaces the 
number of ‘water blocks has been increased still further. Eor a 
description of several varieties of bosh plate see Inst. Journ.^ 
1891, vol. ii., p. 241. 

The accompanying illustrations (Figs, 18 and 19) show the 
elevation of a furnace erected in 1890, and forming part of a 
plant of the Sheffield and Birmingham Iron Company, Alabama. 
It will be seen that the furnace is provided with the cup and 
•cone charging apparatus ; with a downcomer to which a dust 
catcher is attached j with three fire-brick, stoves with separate 
chimneys, cross-sections of the stoves being given at right angles 
in the drawings ; with underground gas flues ; with water blocks 
in the boshes ; with covered stock yard and pig beds ; and a 
separate hoist, only the upper part of which is shown in the 
drawings. ^ 

Shape of the Blast Eurnaee.— Much difference of opinion 
has been expressed as to the proper shape of a blast furnace, some 
remarkable experiments having been tried from time to time, such 
as that illustrated by Wilkie,! in which the upper part of the 
furnace was constructed in the form of a large dome, so as to 
increase the temperature of that portion. Another marked devi- 
ation from usually adopted lines was introduced by Bachette in 
1862. This is a vat-shaped furnace, rectangular in plan, 3 feet 
wide at the twyers, 7 feet wide at the throat, and about 30 feet 
high. The blast is introduced through about 8 twyers, 4 on each 
of the longer sides of the hearth, and a weekly output of about 
200 tons of grey pig iron is obtained. This furnace was designed 
by its inventor in accordance with his theoretical views on the 
distribution of the blast ; it has been in use in the Ural district 
for a number of years, and appears to be suitable for the ores 
and fuel there employed, but has not been adopted elsewhere. 
Furnaces of elliptical section were also constructed by Alger in 
the United States in 1858, but have not met with any favour, 
and a circular section is now practically universal. A marked 
departure from the usual form of furnace lines has been intro- 
duced in Cleveland by Hawdon and Howson, the boshes being 
lower and smaller than usual, while the greatest capacity is in 
the upper or reducing zone of the furnace, the result being a 

* Engineerinfj^ Oct. 24, 1890. 

Iron, Manufacture, p. 38. 
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furnace with two boshes, one just above the hearth, and th 
other near the top of the furnace, with a cylindric^al ])orti<) 
between these two smaller boshes. The inventors of this foiu 
of furnace claim that a smaller fuel oonsuinptiou and ^vmie 
regularity of working result from these alterations. 

The height of blast furnaces varies from about 35 fcotwiti 
small charcoal furnaces to 105 feet, adopted soma years ago a 
Perry Hill in Durham. With hard fuel, such as best cok(% 
greater height may with advantage be ein})loyed than with Hof 
ores and charcoal ; but even in the former case it a[)|)t!arH to hav* 
been proved in Cleveland practice that no corresi)<)n(liiig ad van 
tage is obtained with a greater height than about fnjt. 'Thi 
is due in part to the fact that heat is evolved in tlu^ uppe 
part of the furnace by the reduction of ferric oxide by carboj 
monoxide, and that, consequently, the temperaturt^ at the to] 
cannot be reduced much beyond a certain point even by extri 
height, as raising the furnace would merely raise this sou rce o 
heat. 

The capacity of blast furnaces varies from about 2,000 cubi< 
feet with charcoal and rich ores to a maximum of 50,000 cubi< 
feet ill Cleveland. Increased capacity gives diiniuishetl fuo 
consumption owing to more perfect cooling of the escapin| 
gases. This is, however, true only witliin certain limits, and m 
the production per unit of capacity decreases as the capacit} 
becomes greater, a point is ultimately reached where no advan 
tage is obtained by additional internal space. In Olevebuui 
modern coke furnaces have a capacity of about 25,000 cubic feet 
while in America with richer ores 18,500 cubic feet is prefcrnul 
With charcoal furnaces less capacity is required as the gases art 
cooler owing to the zone of reduction being lower in the furnace. 

The angle of the boshes, and their relative height as compared 
with the rest of the furnace, has led to much discussion. In the 
early part of the nineteenth century small hearths witli flat 
boshes, which were often low in the furnace, were used. Thesi 
were replaced by furnace lines with steeper boshes and a gentle 
curvature, so as to prevent obstructions forming, and shnilat 
lines, are still often adopted. But th© modern tendency appears 
to be in the direction of a more cylindrical shape, with boshes at 
an angle of about 75 and tolerably low in the furnace, as shown 
in big. 17. It appears, however, to be quit© proved that no 
one shape is universally the best, but that mod ifi cations are 
necessary according to the nature of the ore and fuel, and with 
rapid working and richer ores a steeper bosh is pennissihle. It 
may be added that perfectly cylindrical furnaces have been tried 
but have always worked unsatisfactorily. Although attention 
has long been given to the internal shape of th© blast furnace, 
and the question was discussed at some length by Dr. Percy in 
* Inst. Joum.y 1894, vol. i., p. 78. 
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1864j* many details connected witli this subject are still in dis- 
pute, and it is a common occurrence to find even in the same 
works, when treating similar materials, considerable variations 
in the internal shape of furnaces which are working side by side.t 
Details of Construction. — The following details of construc- 
tion illustrate modern practice at representative British blast 
furnaces : — 



Eston. 

Dowlais. 

Lowmoor 
Cold Blast. 

Height, .... 

92 feet 

75 feet 

70 feet 

Diameter at boshes, 

23 „ 

20 „ 

IS „ 

Angle of bosh, 

720 

78= 


Diameter of throat, 

15 feet 

15*5 feet j 

i 15 ,, 

„ hell,. . . 1 

11 „ 

11 

^ 11 „ 

,, crucible, . 

10 „ 

10 „ 


Number of twyers, 

6 

7 

3 

Diameter of muzzles, . . 1 

51 inches 

5 inches 

4 inches 

Blast pressure, .. 

Coke per ton of iron, . 

51 lbs. 

5| lbs. 

4 lbs. 

19 cwts. 

under 20 cwts. 

38 cwts. 


The furnace at Eston is provided with Cowper stoves, which 
supply blast at a temperature of visible redness in daylight ; the 
ore contains 50 per cent, of metallic iron, and the weekly pro- 
duction is about 1,000 tons of pig iron. 

At the Dowlais Company’s works at Cardiff the blast is heated 
with Cowper stoves to about 1,300“ E., and a separate blast 
engine, giving about 19,000 cubic feet of air per minute, is 
attached to each furnace. The ore is rich “rubio” from Spain; 
the weekly production is, per furnace, about 1,400 tons of pig 
iron, 70 per cent, of which is No. 1 grade. 

The Lowmoor furnace is probably the largest cold-blast fur- 
nace yet constructed. The ore used is calcined clay ironstone, 
containing 42 per cent, of metallic iron; each furnace is provided 
with a separate blowing engine, which supplies about 10,000 
cubic feet of cold air per minute, while the weekly production of 
pig iron is 350 tons. Detailed drawings of this furnace are 
given in the paper from which the above particulars are ex- 
tracted.J 

It is usual to rest the furnace shell on lintel plates, which are 
supported on cast-iron columns about 20 feet high : these are 
sufficiently strong to receive the whole weight of the furnace 
lining and superstructure. The hearth must be relieved of the 
weight of the lining, and this, again, of the weight of the bell, 

* Iron and Steel, 475. See also Chap. II. 

t On this subject &ee Inst. Joum., 1887, voL i., pp. 392, 393; voL iL, 
p. 284 ; E. Walsh, Amer. Inst. Min. Eng., 1886. 

X Windsor Richards, InM. Joum., 1893, vol. i., p. 20- 
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hopper and platform. These fittings at the top of the furnace 
are therefore, usually supported on. internal iron brackets 
attached to the casing. As the lintel has to support a very 
considerable weight, it is either made of heavy ribbed plates, 
or is supported by relieving arches sprung from column to 
column. In America the same object is attained by rolled 
joists, bent to the circle of the furnace, upon which an ordinary 
lintel plate rests. In this manner any extra weight due to 
accident or uneven settlement is safely carried. 

Recently furnaces have been built in which the charging 
platform is supported on a staging altogether separate from the 
furnace, while the boshes are also made separate from the stack. 
This arrangement possesses the advantage that, in case of acci- 
dent or repairs, each portion is distinct, and can be separately 
dealt with. It -will be observed that in Fig. 18, the boshes are 
represented as separate from the stack, while Dr. Wedding has 
illustrated arrangements introduced by Llirmann for the same 
object, and also a furnace at Hoerde with a staging for carrying 
the superstructure of the furnace.* 

In order to preserve the internal shape of the furnace, the 
brickwork is made as thin as possible, so as to permit of air- 
cooling. The use of iron columns instead of solid masonry has 
allowed of the boshes in particular being made light and thin, 
though, as previously mentioned, water blocks are being intro- 
duced in the boshes to still further maintain the shape, as the 
furnace then works better and more economically. 

Furnace Hearths. — The hearth or crucible of the furnace is 
circular in section, varying in diameter from about 5 to 13 feet, 
and, so long as other conditions do not alter, its capacity largely 
determines the output of the furnace. The larger the diameter 
of the hearth, and the greater the vertical distance between the 
slag notch and the twyers, the greater is the output, since with 
enlarged diameter the melting area is increased, while by raising 
the twyers above the slag level, fusion proceeds without hin- 
drance. The bottom of the hearth is made of blocks of refractory 
sandstone, carefully jointed ; they are at first made quite flat, 
but in course of time wear into a hollow, and the metal which 
accumulates in this space when the furnace is blown out is called 
a ‘' bear.” It is usually highly graphitic, and is encrusted with 
“kish'' or separated graphite; with cyano-nitride of titanium, 
in the form of beautiful crystals with a bright-copper colour, 
with cinder, and with silica, in the form of beautiful radiating 
masses, which in appearance resemble a vegetable growth. The 
properties of this fibrous silica have been fully described by Dr. 
Percy, T and hy Blair, while the conditions of its formation 
have been studied by the author, who has shown that it is pro- 


rv.n=r! ih, pp. 511, 5U. 

Sieelj p. 507 ; Inst. Journ., 18f 6, vol. i. 


t Ibid. 
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duced by the slow oxidation of the silicon present in the iron by 
the carbon monoxide present in the atmosphere surrounding it.'^ 
In some cases the furnace bottoms have a tendency to grow, 
owing to the adhesion of infusible substances ; in such cases it 
is best to deepen the hearth, and always keep about 12 or 18 
inches of fluid metal below the tapping hole. This keeps the 
bottom warm, prevents the formation of objectionable deposits, 
and diminishes the wear on 


the hearth bottom. The 
tapping hole should be mid- 
way between two twyers, so 
as to be cool, and convenient 
of access ; the slag notch 
should, for similar reasons, 
also be placed between two 
twyers, and away from the 
tapping hole. Fig. 20 shows 
a section through the slag 
notch and tapping hole of a 
blast furnace at Hoerde, and 
is from a drawing by Dr. 
Wedding, t 

The arrangement of hearth 
just described is that now in 
most general use, and is 
known as a closed ” hearth. 
This method of working the 
blast furnace was introduced 
by Liirmann about 1875, and 
it was formerly the invari- 
able custom to have an 

open fore part.” In front 



Fore-Hearth, Cinder- and Iron-Xotches of a 


of the furnace there was Blast-Fnmace at Horde. 


an arched-over opening ex- Fig. 20. 

tending from the furnace 

bottom to a little above the level of the twyers ; the sides and 
roof of this opening formed a cavity known as the fore^hearth. A 
wall of fire-brick called the dam was carried to the twyer level ; it 
formed the back of the fore-hearth, and was supported by a cast- 
iron dam-plate ; in the dam-plate was a vertical slit which was 
stopped with loam, and which allowed of a tapping hole being 
made at any convenient level, while the excess of cinder ran off 
through a semi-circular cinder-notch. The arch above the dam was 
called the tymp ; it was kept in position by a tymp-plate of cast 
iron, and generally cooled by running water. The open fore part 
necessitated longer time for opening and repairing the tapping 


* Inst. J(mm.i 1887, vol. L, p. 203j 
f Ibid., 1890, voL ii., p. 512. 
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hole at eacli cast, and also required the blast to be off during 
the time the furnace vas being tapped. A closed^ fore 
therefore, increases the production of a furnace m a given tune * 
On the other hand, in case of irregular working or very inlnsib e 
materials, an open fore part allows of the withdrawal of iniusil.lo 
lumps by means of iron rods, and so assists in keeping tlio^ 
furnace “ open,” or preventing its becoming “ gobbed up. Open, 
fore parts are, therefore, still used in some cases, as iii the pro- 
duction of rich ferro-manganese and other special irons, and in 
places where modern methods have not been adopted. ^ 

Wear of Linings.— According to Liirmann, the chief causes 
which lead to the wearing away of blast furnace linings may be 
divided under four heads:— (1) The actual wear duo to contact 
with the descending charge; this is relatively unimportant. 
(2) The action of alkaline cyanides and other substances present 
m the furnace gases; which, though probably important, pro- 
duce an effect the amount of which is at present not accurately 
determined. (3) The action of sodium chloride or other alkaline 
substances contained in the coke ; this is probably one of the 
most important causes of wear, as at a high tenapcraturo salt is 
decomposed by silica, and a fusible silicate is obtained. ^4) The 
flaking of the bricks due to deposition of carbon, from carbon 
monoxide, around any iron particles reduced from impurities in 
the original bricks. The last cause can to a considerable extent 
be prevented by a proper selection of bricks. In regular work- 
ing the lining of the blast furnace is to a great extemt i)rotc^ct('(l 
by a deposit of carbon, resembling kish, which forms ou the 
sides. 

Carbon Linings of Furnace Hearths. — In blast furnace 
working the linings of the boshes and hearth undergo very i*api<l 
corrosion, especially with hard driving, until a carbon acooiiB 
deposit forms, between the charge and the brickwork, wbicdi to 
a great extent arrests the destructive action. According to 
T. Jung, bricks made of fine coke or charcoal had long bcuni used 
in the lead works of the Hartz, in positions where the corrosion 
of the furnace lining was unusually great, but they were first 
applied on a practical scale in the iron blast furnace at Gedsen- 
kirchen. The coke is dried, pulverised, and sifted ; it is tlien 
intimately mixed with about one-fifth of its weight of tar, ami 
moulded into bricks which are allowed to dry in the mould for 
fourteen days, and are then fired without access of air. 411 c> 
bricks so produced cost about twice as much as good firc-briclcH, 
but they possess the advantages that they are absolutely infusiblo 
at the highest temperature of the blast furnace, while, as tliey 
resist the action of both acid and basic slags, they are very 
durable. As they are bad conductors of heat they reduce tho 


""T. Whitwell, Inst Journ,, 1878, vol. i., p. 200. 
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loss by radiatioDj and they prevent the formation of furnace 

bears.'’ * 

J. Gayley also proposes to line the hearth and boshes of blast 
furnaces with carbon bricks, which are prepared by grinding 
good hard coke, heating, and mixing it with hot tar ; it is then 
moulded by pressure into bricks, which are fired at a low” tem- 
perature in a muffle (Eng. Pats., 13,690 and 19,330, 1891). 

According to Dr. Wedding, the use of carbon linings renders 
special cooling of the boshes and hearth less necessary ; carbon 
bricks are suitable even for bosh and belly avails, and are likely 
to find increasing fiivour except where lead or zinc occurs in 
quantity in the ore.f 

Lifts or Hoists. — In modern iron w”orks some method of 
rapidly raising large quantities of raw material to the furnace 
top is a necessity. Among the best know”n forms of machinery 
for this purpose are the following : — 

1. The inclined plane, generally with two tables, one of which 
descends while the other ascends ; it is worked by means of a 
separate small engine which has thus merely to lift the load and 
overcome the friction of the a})paratus. It is a relatively slow 
lift, i*equiring considerable space, and is now seldom employed. 

2. The blast lift, in which the floor of the lift forms the top of 
a wrought-iron cylinder, which is connected with the cold blast 
and is open below, and which rises and falls in a circular pit of 
water, according to the pressure of the air inside, like a gaso- 
meter. This lift has the advantage of being driven by the blast 
engine, but is slow in its action and not much used. For 
illustrations of this and other forms of lift see Phillips and 
Bauerman’s Metallurgy^ p. 258, et. seq. 

3. Yertical lifts with two tables, worked wdtli a separate small 
steam engine with drum and pulley wheels, similar in principle 
to the head gear of a coal pit, are in favour in America, and to 
some extent elsewhere. 

4. The water balance lift is in very general use in the United 
Kingdom. Occasionally single tables are used, but it consists 
usually of two tables, which are so constructed as to form at 
the same time two water tanks; these tables when empty 
counterbalance each other ; when working, sufficient water is 
run into the tank of the empty cage at the furnace top to more 
than counterbalance the load in the other cage. The water used 
can, if necessary, be pumped by the blast engine so as to avoid 
the use of special machinery, and this lift is cheap, simple, and 
rapid in action. 

5. Hydraulic lifts are also employed, having been flrst intro- 
duced by Lord Armstrong. In these a small quantity of water 
at high pressure is employed, and the necessary motion of the 

* Insft. Joum., 1891, vol. ii., p. 240. 
i Ibid, j 1890, vol. iL, p. 506. 
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CoUection of Waste Gases.-The top of the blast fiirnace 
was originally quite open to the air, and tl.c gases were allowed 



Fig. 21.— Cup and Cone arrangement. 


to bum as they issued; in modern practice, however, the gases 
are collected and utilised. The methods of withdrawing the 
gases may be classified according as to whether the gases are 
drawn off from above or from below the level of the materials in 
the furnace. The most general method of collecbing the gases, 
and at the same time assisting in the regular distribution of the 
furnace charge, is known as the ‘^cup and cone^^ or “bell and 
hopper” arrangement; it was first introduced by (I. Parry at 
Ebbw Yale in 1850, though a cone and cylinder had been pre- 
viously used elsewhere. This is illustrated in Pig. 21, from 
which it wiU be seen the cone (h) is supported by means of a chain 
(c) or by an iron link to a counterbalanced lever (d), while the 
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uiaieriala arc oluir^od by means of liand idling witli barrows into 
i.Iu*. <‘up (a) and around tlie cone, which is in the meantime kept 
clost'd, and tlu^ gases pass into tlu3 downcomer from above the 
Ht{)ck lin(‘ ot th<‘ funiac(‘. Th(‘- cone is then, lowered so as to 
allow (11(3 niat(‘rials to fall into the furnace, and during this 
moiiHuitarv intt'rval gas escapees and burns with a flame of 
et>nsideral)l<‘. si/.(‘. Th(3 com^ is again raised so as to close the 
<»p(‘ning, and charging procca^ds as before. The gas as it leaves 
tht3 furnac(3 is umh'.r pressure above that of the atmosphere equal 
to support ing a column of water half an inch in height, and this 
is HuiVieitmt to carry it. to th(3 stov(3s or l)()ikn,‘s. The size and 
anghi of tli{‘ cone (‘xiud. a considc'rahle intlueuco on the proper 
(list rihut ion of tin' m:d-(‘rials, and thus on the regular working of 
th(‘ fnrnac(% and to this furtluM.* rofeia^nee will be made. 

'I'hougli the eup and eom^ arrangement is most generally cm-* 



ployed, e.sp(‘idally with dry maUndals of eonsidcu’able size, otlior 
m<WluKls of withdrawing t.lu3 ga.s(*s from Ixdow tlu3 stock lino aro 
nls<j in UH(*, i*.sp(‘eially wIkmh^ W(d. or v(3ry tim^ly-dividc'.d oi’(3s aro 
u,s(hI. OiK'ofthc^ <‘arli('.st plans was tih(3 provision of a gas iluo 
and suitabh' openings in th(3 walls of th(3 furnaces, a f(iw fo(3t 
below- th(3 top of th(3 charge; by nutans of a r(3gulat(Hl cliiinmiy 
draught a e(»nsiderabl(3 proportion of th<3 gas(3S could tlum bo 
drawn oif, whil(‘ t.lui furmux^ was otlu^iwviso op(3n-topped, as was 
ilum usual. Tln^ saun^ result is also obtaiimd by tUo use of a 
t‘tmtrul t.ub(3 sup[)orted iqwm arches; this tube pa,ss(is down somo 
ft‘et. Inmeatli t.h(3 surfacii of th(3 materials in the contro of the 
furnae(3; it is (>p(3ii Inflow', and as tlu3 charge oilers some resist- 
aue (3 to th (3 passagci of tlu^ gas, whihi the tube has the assistance 
of ehimiu'y draught, tim groabu' part of th(3 gas is collected and 
utilised If too much draught were employed in these cases, 
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of course, air would be drawn in, and an explosive mixture 
produced. One form of tins apparatus is illustrated in Fig. 22, 
and a similar arrangement is still employed at a numl)er of 
furnaces in Cumberland. A central tube of this kind was em- 
ployed at Tliornaby Iron Works in 1864.^' A top closed with, a 
lifting-valve, and having a fixed distributing cone iindernoatli 
the valve, was used at Ormesby about the same time, but after- 
wards abandoned in favour of the cup and cone.f lu North 
Lincolnshire, where the ores are soft, and contain a considerable 
proportion of water, a charging cylinder is attaclied to the hopper 
at the top of the furnace. The charge in this tubii clu^cks the 
escape of the gas, which is drawn off by cliimncy draught, and 
employed for boilers and stoves as usual. A small quantity of 
gas burns in the central tube, and so driers the ore, and this 
•nietliod is found to give better results with wet ores than, the 
cup and cone. In America the cup and cone is almost universal, 
and not unfrequently the apparatus is worked by ovcjrlu'ad 
steam or hydraulic power, so as to give a strictly V(n,-tii^al motion, 
as this gives better distribution of the mabu’ials than, tlui usual 
method of suspcjisioii, iu which the cone movers ib rough tli(,^ 
arc of a circle. In Germany a number of methods are in, 
use, which include the cup and cone for lump ores, and tuvnl.i’al 
tubes for hner materials. The cones are sonKd.im<‘s opiu'atc'd by 
steam power, as in America, while tlui central tulx's made 
to contract somewhat as they pass lower down tlui furnaix^ 
Special arrangements for charging are also som(vtiin(\s adojii.cul, 
of wliich illustrations have been given by Dr. Wedding. J 
gases are frequently collected from the centre of the throat, 
instead of from the sides, as is usual in the IFnittul Kingdom; 
a gas-tight joint is obtained by nuniiis of a water lute, a t(d(^- 
SGopic gas tube is used, and the hell raised or lowercid, as the 
case may be, to allow of the introduction of ibe charge. 

Dust Catchers. — The waste gases from the blast funnuu‘ 
frequently contain considerable (puintities of dust, consisting of 
particles of ore, carbonaceous rnatdu*, i^c., mechanically carricul 
over, together with more or hiss oxide of zinc and other matter. 
The amount of dust is variable, being very small in. some cases, 
but is usually greater when smelting manganiferous ores. This 
dust is objectionable, as it rapidly stops up tlie air piissagcis of 
the hot-blast stoves, while in some cases, as wlien zinc is ])rcis(int, 
the dust is itself of value, and pays to collect. In order to k(icip 
the stoves as clear as possible, many forms of dust catchers ar(i 
in use, these being placed in the “ downcoTner '' or widci pi])e, 
bringing the waste gases from, the furnace to the gas main. 
Fig. 2;3 shows a form of dust catcher in use iu America, and 

* Imt iff. i?.,186k P- 253. 

t. //;«/., p. 163. 

X Inst. Journ.y 18D0, vol. h., pp. 508-513. 
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needs but little explanation. The gases pass down the central 
tube into a wider tube which they ascend on their way to two 
tubes leading to the main gas flue. The dust collects at the 
bottom of the wude tube, and can be readily removed by means 



of a weighted|lever attached to a valve at the bottom.* The 
downcomer should be of ample capacity, so that the gases sh^ 
never exert any back pressure, and the upper part or neck of 
the tube should be constructed so as to prevent the lodgment of 
dust. The amount of dust passing to the stoves is also dimin- 

PilkmgtoD, 8. Inst., 1892. 
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ished if, by the use of wide and long tubes, the gases have to 

travel further and at a slower rate. „ , , ~ „ 

Z previously mentioned, the dust collected from blast-furnace 

erases Lt unfrequently contains zinc, in the form of oxide, in 

suffiLnt quantity to make it valuable; other volatile substances, 
such as amenic or alkaline chlorides or oxides aro present, as 
v-ould be anticipated. At Hoerde the flue dust contains a con- 
siderable proportion of potassium sulphate, which is extracted 
bv ILxiviation and the subsequent evaporation of the .solution so 
obtained In many cases, however, the dust is of no commercial 
value, as, for instance, the following sample from Dowlais 
analysed by E. Riley : — * 

Silica, 

Ferric oxide, . 

Alumina, 

Calcium sulphate, 

Manganous oxide, 

Lime, 
j\Iagnesia, 

Potash, . 

Other constituents, 


30-33 per cent. 

47-05 


8-43 

J 9 

4*42 

9 7 

1-77 

17 

2*30 

5 9 

1-13 


1-80 

9 9 

1-77 

9 9 

100 00 



Handling of Pig Iron.— It was formerly tlie uui versjd custoni 
to remove the pig iron from the beds hyliaiid when it had cooled 
sufficiently, and this practice is still very g<‘norally adopted ; tho 
enormously increased production of modern blast furuaeivs haSy 
however, led to the introduction of improved methods of handling; 
pig iron. At the Dowlais Companyts CardiiT works tin? moulding 
is done by mechanical means, so that the pigs arc of uniform siztjf 
and equidistant, and are cast in groups (‘ach of thirty 
When the metal is cold an overhead crami ])icks up tho wliolo 
group of thirty pigs and runs with it at a liigli spcuHl down an. 
incline to a pig breaker. The pigs are l)rok(m with a hydraulic 
ram, and the broken pieces slide down a slioot into a railway 
waggon. This arrangement, working nine hours p(u.’ day, in 
capable of dealing with 4,000 tons of i)ig iron pevr wcutk, and 
saves labour, while it assists in the classifying and Ht.()riiig^ of tho 
iron.! In America an apparatus has been introduwul which 
consists of grapplers, which are suspended from trolleyn running 
on a traveller which spans the pig bed. A powerful olcud.ro- 
magnet, suspended from a .crane, and which can h(^ raiHinl or 
lowered at will, has also been employed, and in this cano tho 
load can he dropped by simply stopping the electric cnirront. J 
The pigs are usually broken by manual labour, Ixving allowed to, 
fall from a height upon an iron ball, and are them claHsilicHl 

* Percy, p. 472. 

finst. Joum.j 1893, vol. i., p. 18, 

tlbid., 1890, vol. ii., p. 751. 
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according to tlieir fracture. Grey pigs made from non-phosphoric 
ores are very tough, and more difficult to break in this way than 
less pure samples ; hence with hsematite iron and large outputs, 
pig breakers are not unfrequently employed. A machine has. 
been invented for this purpose by Armstrong & James, of 
Middlesbrough (English Patent 16,696, 1892). 

Blowing In and Out.— When a furnace is first started, 
or when it has been standing for some time idle and smelt- 
ing is again resumed, it is said to be “blown in.'’ It is 
tlien necessary to raise the temperature of the brickwork gradu- 
ally, so as to allow it to dry and to expand regularly. Eor 
this purpose the hearth is filled with wood, above which are 
layers of coal or coke ; the fire is lighted through one of the 
twyer holes, and a very gentle blast inti'oduced, special nozzles 
of small diameter generally being employed. Blank charges of 
coke are added from time to time, and usually a quantity of blast 
furnace slag is melted before any ore is used. The burden is at 
first light, and the product is usually a “blazed” or “glazed” 
iron rich in silicon. The burden is gradually increased until 
the full charge is employed, but it is usually several months at 
least before the furnace reaches its maximum weekly output. 
As illustrating the methods adopted in blowing in a large coke 
furnace the account given by J. Gay ley of the practice Eit the 
Edgar Thomson Works in America may be read with advantage."^' 
When the lining of tlie furnace is worn out, or when for any 
reason its working is to be stopped, it is “blown out” by 
gradually reducing the burden, and at first using nothing but 
fuel, so as to melt all ol)structions on the furnace walls and to 
clear the hearth as far as possible from slag, metal, and other 
materials. If owing to shortness of supplies, strikes, or similar 
reasons a temporary stoppage is necessary the furnace is “damped 
down ” l)y charging in a quantity of coke, and carefully shutting 
off all access of air ; the Iieat 3nay thus be maintained for weeks, 
and smelting can be resumed at any time when desired. 

Blast Furnace Practice in America and in the United 
Kingdom.— Owing to a variety of circumstances, the aim of 
the American blast furnace manager has been largely directed 
to the production of largo outputs, while, as fuel is cheaper in 
America, economy in tliis respect has not been so necessary, 
though, as has been pointed out elsewhere, in some instances- 
very remarkable results have also been obtained in this direc- 
tion in American practice. The materials used in the north of 
the United States are different in character from those employed 
in the Southern States, and the northern furnaces have generally 
been most efficient. The circumstances which have brought 
about such large makes in America have been summarised by 
W. Hawdon as follows : — t 

* Inst, Journ. 1891, vol. ii., p. 233. ilbid,, vol. i., p. 335. 
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1. The use of rich ores, which are in a state of tolerably fine 
division, and which are thus easily acted ii])oii by the furnace 
gases, and by the fuel. The ores are also carefully luixcnl and 
selected, so as to ensure uniformity of quality, and a lavadily 
fusible slag. 

2. The use of good strong coke, of uniform quality. Thc^ coko 

for any particular iron works is usually all obtained frotu 
source of supply; this renders the working uniform in 

character, but has the disadvantage, in case of labour or otl H‘r 
troubles, that the supply may be suddenly cut olf. In tlu^ 
United Kingdom the coke used is also generally excudhuit. 

3. The use of a blast pressure as high as 1) or 10 lbs. to i}u‘ 
square inch. In England it is customary to supply all tlu^ 
furnaces at an iron works from the same blast main, but in 
America the air which is delivered into each furnace is suppli(*d 
by a separate engine, and is x'egulated by the number of lujvolu- 
tions of the engine. In case a furnace “ hangs, or drives Blowly 
from any cause, when the blast is suppli(‘d to several furruuJc^H 
by one main, less air passes through that ixarticular ftirmLC(^, 
which is really most in need of driving; on tlie other band, if 
the blast is regulated by the number of revolutions of tins 
engine the same quantity of air is forced into tlu^ furnace 
whether there is any sto])j)j\ge or not, and any obstruc.tiou m 
thus more easily melted and removed. 

4. The blast is employed at a Jiigli temperature from moihuui 
regenerative stoves; in this respect the practice is idcmtical in 
the United Kingdom. 

5. Kegular filling and distribution of tlio charge in tln^ blast 
furnace. 


6. A healthy rivalry to heat the record, in which tlie workmcm 
readily join. 

To the above must be added the fact thattlu’i improved furnace 
lines, with steeper boshes and larger hearths, adoptiul in Auu'ricsa 
have no doubt largely contributed to the increasijd yield ; the 
shape of the furnace lining has been maintained by the tiHCs of 
water blocks in the boshes, and even around the w(41 of (he 
furnace; the iron used in tlie Bessemer works is lower in silicon 
than in the United Kingdom, and lienee tlu^ funiaee production 
IS gieater, while improved appliaiicijs have Ixaux iutrodutunl for 
handling the larger quantities of materials. A detailed aaumnt 
ot modern American practice has been given by J. Gayky,* in a 
paper whx^h was discussed at lengtli by the leading metaUur.dHls 
ot Great Britain and America. 


The rapid driving of a blast furnace leads to the rapid deHtnie ^ 
tion of the furnace lining, so that in America it is uBual for tlie 
stack to require reliixing^ about once iu throe years, while in 
England the furnace lining lasts from about eleven to fiftiHiu 


Jourii., ISOO, vol. ii., p. 18, 
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years. With rapid driving, also, the wear and tear on the 
engines, boilers, and other accessories is much greater. Much 
difference of opinion has, therefore, been expressed as to the 
relative advantages and disadvantages of the two systems, and 
it is generally considered that in the end the most economical 
makes are obtained with moderately rapid working. 

Starting with an ordinary Cleveland plant making 500 tons of 
pig iron per furnace per week, it would be necessary, in oixler to 
increase the production to 1,000 tons per week, to double the 
number of boilers, stoves, engines, and calciners, and to provide 
a separate lift to each furnace, instead of one lift to three 
furnaces, as at present. It would also be necessary to increase 
the size of the well of the furnace to enable it to hold the larger 
bulk of iron and slag; the hhist main, downcomers, steam pipes, 
and feed-water pipes would all be too small, while, lastly, the 
under ground chimney flues would need to be largely increased 
in size to deal with the waste gases, and a separate chimney 
would have to be provided for each furnace. The alterations 
needed would thus be so revolutionary that it is not likely that 
they will be introduced in plants already in satisfactory work, 
and wliere American practice is adopted in this country it will 
be in newly erected works.* 

Production of Cast Iron in Styria. — The chief ore employed 
in the Styrian iron works is that obtained from Erzberg, or the 
Ore Mountain, near Eisenerz. The mountain consists of a bedded 
deposit of spathic iron ore, which rests below upon schists which 
are believed to be of Devonian age. The mountain itself is conical, 
with a rounded summit, reaching to a height of 4,800 feet, or 
nearly 3,000 feet above the small town of Eisenerz. The ore is 
obtained in open works or quarries on the face of the Erzberg, 
and has been so quarried for nearly 2,000 years. The lowest 
ores are somewhat more siliceous, and so less valuable, but those 
higher on the mountain are of special purity. The ore is usually 
basic in character, and in the raw state contains upwards of 40 
per cent, of iron, 2 per cent, of manganese, 3 per cent, of mag- 
nesia, and 5 per cent, of lime. 

The ore after being brought from the quarries or mines is 
calcined in kilns with the waste gases from the blast furnace. 

* C. J. Bagley, In, 9L Journ., 1S91, vol. i., p. 356. Students interested 
in the modem development of blast furnace practice may read with advan- 
tage papers hy C. Cochrane [Inst.M.E.y 1864, p. 163), and J. G. Becktoa 
{ibid., X). 240) for a description of Cleveland practice in 1864; then Jno. 
Gjers, ‘‘A Description of the Ayresome Iron Works Journ., 1871, 

S 202) ; Thomas Whitwell, “Cleveland and American Construction, 
imensions, and Management of Blast Furnaces” {fnnt. Journ., 1878, 
vol. i., p. 197), and afterwards papers by J. Potter {Imt, Journ., 1887, 
vol. i., p. 163; 1890, vol. ii., p, 55) ; H. Pilkington {S. Staff. In.st., 1891), 
and J. L. White [Iron Arje, yol. xlvi., p. 406). They will thus be able to 
trace the gradual development of modern practice. 
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Much of the carbon dioxide is thus eliminated, and the iron is 
almost entirely oxidised to the ferric condition. The following 
is an analysis of the calcined ore : 


Ferric oxide (FeoOs), 

Ferrous oxide (FeO), 

Manganous oxide (MnO), 

Lime (CaO), .... 
Magnesia (MgO), 

Alumina (AI 2 O 3 ), 

Silica (SiOa), .... 
Copper oxide (CuO), 

Fhospliorus pentoxide (P 2 O 5 ), . 
Sulphur trioxide (SO 3 ), . 
Carbon dioxide (CO 2 ) and water, 


67*78 per cent. 
2-00 „ 

8*86 ,, 

7*15 „ 

1*79 „ 

7-05 „ 

trace 
0*057 ,, 

0*11 „ 

7*60 ,, 


100*297 „ 


This material is of very special purity, being low in phos- 
phorus, copper, and sulphur, and relatively high in manganese. 
It is smelted in small blast furnaces, the fuel used being 
entirely charcoal. Of such furnaces there is a number in the 
vicinity of the Erzberg, and these vary somewhat in sha}>e and 
dimensions. A z^epresentative fuiTiace is about 11*4 metz’es (.‘Kr4 
feet) high, with a capacity of 35 cubic metres (1,240 cubic feet). 
The blast is produced by a watei'-wheel, and requires 25 horse- 
power, 5 additional horse-power being required for other pur- 
poses connected with tlie furnace. The Izlast j) reassure is *15 to 
50 inilliinetres of mercuzy (about 1 lb. to the square inch) ; it is 
heated in pipe stoves by the waste gases, to a tenquiraturo of 
200° to 300° 0., and enters tliei furnace hy 5 bronze twyoz*s. Tlui 
chaz'ge consists of 12 hectolitres (33 ])usliels) of charcoal, 43cS 
kilos (8*6 cwts.) of calcined ore, and 9 kilos (20 lbs.) of (piartz, 
which is recpiircid to act as ilux. The time required for tlio orc^ 
to pass from the furnace top to the hearth is about four and 
a half hours. About 118 charg(^H are employed per day, tho 
fuz’ziaces being tapped about sixtcicn or sevente(ui tinu^s during 
the same period, eacli tapping consisting of about 1,600 kilos (l^ 
tons) of cast ii’ou, corrcsjmruling to a daily output of 2(),r)00 kilos 
(26 tons), or a weekly |)i'oduetion of a]>out 180 tons. Profcissor 
Tuzmer states that, with good working, a!)()ut 65 to 70 lbs. of 
charcoal are reciuinul to produce 100 lbs. of pig iron.* TIu^ 
furnace Iu'IkS no foro-Iioarth, but slag and nuital an^ allowinl (,o 
accumulate together, and are thou tappcnl olf ; the slag, wliicli is 
fluid and siliceous, Uoats on the toj), while th(3 iron is allowcul to 
run into a thin cake, which is broken up for siibso([U(mt nH(\ 
The ziietal obtained is a wJrite iron, vciy low in silicou and 
phosphorus; other grades may, of course, 1x3 prodiuxxl in tlu^so 
furnaces, but white iron is always preferred for tlie production 
of open-hearth steel, and a similar ziustal is also omploycxl in tlio 

* Inst. Journ., 1S82, vol. ii., p. 561. 
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Styrian puddling furnaces. The following are analyses of such 
iron : — 

Stybian White Cast Iron. 



Supplied by 
Makers. 

Percy. 

I 

Greenwood- | 

Total carbon, . 

3*430 

3*81 

2*93 

3*25 

Silicon, . 

0*110 

0*37 

0*307 

0-13 

Sulphur, 

0*016 

0*02 

0*018 

0*03 

Phosphorus, . 

0*066 

0*05 

0*021 

0*02 

Manganese, . 

1*010 i 

1*02 

0-724 : 

0-71 

Copper, . 

i trace j 

... 



Metallic iron. 

95*368 

94*68 

96 **(>0 

... 


100*000 

99-95 

100*000 1 


The pig iron, as above, having been broken into pieces of a 
suitable size, is employed for the production of steel by the 
puddling or the open-hearth charcoal fining process.* 

* F. Kerb and T. Turner, S, Staff. ImL, 1889. Further details of the blast 
furnaces and subsidiary processes will be found in the following ; — Inst. 
Journ.f 1882, vol. i., p. 286; vol. ii., pp. 426, 534, 618; Greenwood, Steel 

and Iron, pp. 130, 133. Other analyses of Styrian cast iron will be found 
in the Jahresbericht, 1885, p. 2,035; Inst, Journ., 1891, vol. i., p. 364. 
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CHAPTEE YII. 

THE AIR USED IN THE BLAST FURNACE. 

Blast Engines. — In India and other parts of the •world wliero 
the natives produce wrought iron direct from the or(‘, various 
simple forms of bellows are made from the skin of an animal and 



tig. 24.— Beam Blast Engine. 

A, Blast cylinder. B, Blast pipe leading to inain, 0. C, Sti am cylinder. 
V, Ily wheel. 

’n-orked by hand ; furnaces and bellows of similar desi.ai wero 
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the steam engine was for the blowing of air for blast furnaces 
and some blowing engines of the early type are still workin*^ 
in the older iron districts. These engines are of the AYatfc 
pattern, and consist of a massive beam of cast iron supported 
at the centre, a steam cylinder being connected to one end of 
the beam and a blowing cylinder to the other; low pressure 
steam is used, and the engine is v/orked with condensers and 
with a single steam cylinder. Such engines often work for 
many years with but trifling repairs, but on account of the 
great weight of metal to be moved they can only be worked 
at a slow rate, they are not so economical in fuel as more 
modern engines, and if a fracture of the beam does occur it 
usually occasions much damage and loss of time. A drawing of 
a blast engine of tins kind is given in Fig. 24, while another 
illustration of a similar form, together with the necessary pumps, 
fly-wheel, <fec., is given in Dr. Percy^s Iron and Steel (p. 387). 

YerticaJ direct-acting engines are now generally preferred for 
producing the blast, and the compound principle has been suc- 
cessfully applied at a number of modern works. As an example 
of this the blast engines at the new Dowlais Works at CardifiT 
may be taken. These engines, which are illustrated in Fig. 25, 
are worked with a boiler pressure of 100 pounds to the square 
inch, and have two steam cylinders, side by side, one 36 inches in 
diameter for high pressure steam, and another, which is steam- 
jacketed and 64 inches in diameter, for low pressure. Connected 
with, and directly underneath, each steam cylinder is a blast cylin- 
der 88 inches iu diameter. The engines are designed to give a 
maximum pressure of 10 pounds to the square inch, and working 
with a 5-foot stroke at 23 ■ revolutions per minute they give 
19,000 cubic feet of air per minute at atmospheric pressure. 
There is a separate engine for each furnace, on the American 
principle, and the number of revolutions ol the engine is auto- 
matically recorded by means of a mechanical counter. The 
engine is capable if necessary of blowing 25,000 cubic feet of 
air per minute, and the pressure actually ^developed by the 
engine in ordinary working is rather over 5 lbs. to the square 
inch.^ A number of American blowing engines have been 
illustrated and described in Iron Age, voL xlvu., pp. olJ, ^ 


vol. xlviii., pp. 303, 441. ti. ♦ 

It appears from information collected by -A* Ibering ^ 
in 1892 there were in Austria and Germany 191 blowing engines 
for blast furnaces ; of these 87 were vertical (0 were horizontal, 
and 25 were beam engines, while 9 were worked by er p . 
It will be thus seen that for blast furnaces 
generally preferred, especially in modern works, 
higher pressures and smaller volumes of air as in Bessemer 
steel works, horizontal engines are best.f 

*Inst. Journ., 1889, voL i., p. 19. ’tinst, (7. vol. cxm, p. 432. 




Fig. 25. — Vertical Direct-acting Blast Engine (Half Section). 


•a given weight of fuel burned in the furnace would give as good 
a result as if part were burned inside the furnace and part em- 
ployed to heat the blast. The following are some of the more 
important reasons for the economy observed with hot blast : — 
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1. In the lower part of the blast furnace carbon is not fully 
oxidised to carbon dioxide (COg), but only carbon monoxide (CO) 
is produced. The combustion of carbon by air forced into the 
blast furnace, therefore, generates only 2,473 heat units, while 
when complete combustion takes place, as in heating the blast, 
carbon generates 8,080 heat units. The heat -liberated by a unit 
of carbon burned in heating the blast is thus more than three 
times as great as that yielded by a unit of carbon burned in the 
blast furnace. 

2. The use of hot blast naturally increases the temperature of 
combustion near the twyers, and this assists in the rapid melting 
of the slag and iron. 

3. Owing to this increase of temperature the carbon is at once 
converted into carbon monoxide, and the heat of combustion is 
thus localised. In a furnace using cold blast a quantity of carbon 
dioxide is produced near the twyers, this is decomposed into 
monoxide higher in the furnace with the result that the reaction 
is completed further away from the twyers than with hot blast. 

4. Owing to the more local combustion, and smaller quantity 
of air employed with hot blast, the upper part of the furnace is 
cooler, and the escaping gases carry off much less sensible heat. 

5. Owing to the diminished consumption of fuel, due to the 
above causes, less ash has to be converted into slag, less flux is 
needed, and thus fuel is saved. 

6. As less fuel is required with hot blast, less time is needed 
for its combustion. A furnace of given capacity contains more 
ore, and the yield of the furnace is largely increased. 

Although the heat generated is greater when carbon is burned 
to CO 2 than when CO is obtained, the temperature is locally higher 
in the latter case. This is owing to the fact that CO 2 begins to 
dissociate into CO and 0 at about 1,200° to 1,300° C., and hence 
00 can only be completely burned to CO 2 when the temperature 
of combustion does not much exceed 1,300° C. It is for this 
reason that the hot blast, by leading to the immediate formation 
of CO, yields a higher temperature in the hearth than would be 
possible if COg were there produced. 

The sensible heat brought into a blast furnace by the blast is 
generally about one-seventh of that required by the furnace, 
though the proportion will vary with the temperature and 
volume of blast. A useful table has been prepared by C. 
Cochrane,* giving the equivalent in cwts. of coke, of the heat 
brought in by the blast ; in this table the weight of blast ranges 
from 55 cwts. to 145 cwts. per ton of iron produced, and the 
temperature from 10° to 800° C., and it thus includes all varia- 
tions met with in practice. 

Limit to the Advantages of Hot Blast.— It is obvious that 
there is a theoretical limit to the temperature which can with 
* Inst, M, 12L 


8 


114 


TPHE METALLURGY OF IRON AND STEEL. 


advantage be imparted to the air used in the blast furnace, f( 
since a reducing agent is necessary to remove the oxygen of tli 
ore, it is not possible to smelt iron with hot air alone, or wit 
less than the quantity of carbon needed to remove tlie oxygei 
If, therefore, the minimum quantity of carbon required for eon 
bination were ever reached, it would be useless to turlhr 
increase the temperature of the blast. It must be renunubere 
that there are difficulties in the way of heating air much abov 
the temperature now attainable, and these difficulties arc ver 
great, if not unsurmountable. Owing to the dissociation c 
carbon dioxide at temperatures little above the melting point t 
steel, the combustion of carbon is incomplete, and its full calorifi 
power cannot be obtained. At the same time the loss by radi<i 
tion, and the wear of the heating apparatus, increase rapidly a 
high temperatures, so that it becomes more and more costly t 
raise the air through each succeeding increment of temperature 
This question has been dealt with at considerable length by Si 
L. Bell,* who shows that the saving of fuel on raising the bias 
from 1,000° ¥. to 1,700° B. was only 1 cwt. per ton of iron made 
and concludes that it is not economical to raise the temperatur 
beyond 1,700° F. 

Sir L, BelFs conclusions would, however, need some rcivisio] 
in view of modern practice with good fire-brick stoves, as it doe 
not appear that in actual working the economical limit lias beu33 
yet often exceeded or even reached. 

Methods of Heating the Blast. — The original patcuit, No 
5,701, granted to J. B. Neilson, of Glasgow, on 11th Si'.phunhcvr 
1828, for ‘improved application of air to produce heat in fires 
forges, and furnaces where bellows or other blowing apparatus ar( 
required,” reads as follows : — 

blast or current of air must be produced by bellows oi 
other blowing apparatus in the ordinary way, to which nK>d (5 o 
producing the blast or current of air this patent is not inteiulec 
to extend. The blast or current of air so produced is to b( 
passed from the bellows or blowing apparatus into an air veisse 
or receptacle, made sufficiently strong to endure the blast, anc 
through and from that vessel, by means of a tube, pil>6, oi 
aperture, into the fire, forge, or furnace. The air romel cm 
receptacle must be airtight or nearly so, except the aperturei 
ioT iiie admission and emission of the air ; and at the commence- 
mmit and during the continuance of the blast, it must be kepi 
heated artificially to a considerable temperature. It is bei.tex 
that the temperature he kept to a red heat or nearly so, but sc 
high a^ temperature is not absolutely necessary to produce s 
beneficial effect. The air vessel or receptacle may be conveni- 
ently made of iron, but as the effect does not depend on the 
nature of the material, other metals or convenient materials ma| 

Principles^ sects. 6 and 7. See also Imt. Journ., 1893, vol. ii., p. 242. 
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1)6 used ; tlie size of the air vessel must depend upon tlie blast, 
and on the he<it necessary to be produced. For au ordinary 
suiitlds fire or foi-gc, an air vessel or receptacle capable of con- 
taining lj2(}0 cubic indies will ])e of proper diniensions ; and for 
a cupola of the usual size for cast iron founders, iin, air vessel 
capable of containing 10,000 cubic inches will bo of a proper 
size. For firc‘.s, forges, or furnaces upon a greater scale, such as 
blast furnaces for sin citing iron, and largo cast iron founder’s 
cupolas, air vessels of projiortionately increased diniensioMS and 
.■numbers arc; to he (unployed. The form or sliape of the vessel 
or receptacle is innuaterial to the ellect, and may he adajited to 
tlie local cireuinstancMcs or situation. I'ho air vessel may gener- 
ally be eonv<Muently luxated by a (ir(‘. distinct from the lire to be 
elli'cted by tlie blast or current of air, and generally it will bo 
lustier that the air vess(d and the (ire by which it is hc‘atcd 
should he enclosed in brickwork or masonry, through which tlie 
]hpos or tubes connected with the air vessed should pass. Tlic 
manner of applying the heat to the air vessel is, however, 
immaterial to the elliict if it bo kept at a proper temporaturo.” 

From tlio abov(i specification, to which no drawings were 
attacluHl, it will bo oliserved that Ninlson claimed no special 
form of apparatus, but merely the principle of employing heated 
air for combustion. JIow far he at the time correctly understood 
the facts underlying liis invention is doubtful, but it is interijst- 
ing to notice that oven in his original specification Noilson 
mentioned the use of a red heat, ami throng) lout his whole life 
ho consistently advocalcul the use of the liiglu*st attainable blast 
iernperaturc ; the temperature obtained with the apparatus at 
first introduced was, liowever, far below redness. 

The apparatus (nnployod by hJeilHon in his first practical 
a])plicati()n of tlie hot blast early in 1829 at tlie Clyde Iron 
Works, (dasgow, is sho wn in Fig. 5, j). 21. It consisted of a small 
wrouglit-iroii Inhaling cliamber, 4 Ibet long, 3 feet higli, and 2 feet 
witlo, wliicli was st'l. in lirickwork with a grate below like a steam 
boilcH*. The cudd blast entered immediately over tlu^ grate and 
p;issed out at the opposite oiid, being warmed in its passagi', to 
about 200‘* h\ The blast ontenbd the furnace by nKians of 3 
twyers, each of winch was provided with a similar hoiitiiig box. 
This apparatus was only capable of warming the air, l»ut the 
results obtained were such as to indicate the great advaidiagc^s to 
be derived from’ the application of hot blast. The wroiight~iron 
chambor thus oniploy(‘.(i not only had the disadvantage of (‘,.x])osing 
little heating surface to the blast, but it was soon hunuicl out 
and required renewal. It was, therefore, replaced liy a cylindrical 
cast-iren tube (A), sot horissontally in a beating chamber (B) (see 
Fig, 26), and, as before, each twyer was provided with a separata 
heater. Theso horizontal pipes gave a higher temperature, but' 
such an arrangement led to in^gular heating, and to much trouble 
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with the expansion and the contraction of the pipes. Full details 
of iTeilson’s early forms of apparatus are given by H. Marten,* 
from whose paper the accompanying sketches are reproduced. 



The first cast-iron tubular oven was erected at the Clyde 
Works in 1832, and is shown in Fig. 27. From this it will 
be seen that the blast furnace was supplied with 3 twycu’s, 
to each of which was attached a stove, which consisted of a 
chamber of brickwork, heated by means of a fire grate placed 
underneath, and through which the air passed in a series of 



Fig. 27. —Original tubular oven. 


circular cast-iron pipes, which were arched over the fireplace as 
shown in the sketch. Hot-blast stoves on this principle were 
soon adopted in all the chief iron-making districts, numerous 
modifications of detail being introduced from time to time. In 
order to dimimsh the difficulties due to expansion of the metal 
•inai. Jr. if., 1859, p. 62. 








IIS' THE mTALLURGY QP IRON AND STEEL. 

a U or V shape was employed for the pipes, while to give greater 
heating surface they were cast with aa elliptical section. Llio 
stoves were built larger so as to do away with the necessity oI 

a separate heating arrangcinoni. 
for each twyer, while in order 
to obtain a higlicr tenip(n’atiir(^ 
each stove was divid(‘(l into 
several separate chain! )er.s, and 
the air caused to pass ill rough 
these in succession (h"ig. 2S). 
To economise spacc3 in soin(3 
cases circular ovens wer(3 eorr 
structed on similar prineijiles; 
the first circular liot lilast si-ov(^ 
was erected by M. J.bildwin in 
1851 at Bilston in Stallbrdshin^ 
and though the h(‘at so obtaiiuMl 
was not greater than, in the 
angular form, the troulilo (lu(i to 
leakage and fractures was imu^h 
diminished (Pig. 20). A form 
of stove which also met with con™ 
siderable favour was ini.roduecMl 
by Mr. Baird at GartslK'.rrie, a-nd 
known, from the peculiar Kha])(‘ 
of the heating pipe's, n,s th(‘ 
“pistol piyie” stove: this is 
shown in Pig. 30, from which it. 
will be seen that the pipes ar(^ 
divided by a partition wliic^h 
passes throughout the groatcu* 
Fig. 30.— Pistol pipe stove. part of their length, and tlu^ 

air, instead of passing acjroHs the 
stove, is made to travel up on the outside and down the innidi^ 
of the same divided tube. 

Gas-Fired Begenerative Stoves.— The early forms of hot- 
blast stove were all heated by the combustion of solid fuel, and 
although in 1833 Paber du Paur invented a hot-blast stove 
heated by the combustion of the waste gases from the blast 
furnace, and experiments in the same direction were conducted 
at Wednesbury in the following year, it was not until after 
Budd s patent of 1845 that this system of heating was success- 
fully introduced. Direct-firing stoves held their own, sides by 
side with gas-fired stoves, for a number of years, until the 
regenerative system invented by Siemens was applied to heating 
tlie blast, with the waste gases, by E. A. Cowper in 1860. 

• Stove, which is shown in sectional elevation 

in rig. 31, consists of an outer shell of plates of wrought iron or 
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piild steel, rivetted to form a cylindrical chamber some 60 feet 
high, 28 feet in diameter, and with a dome-shaped roof. This 
chamber is lined internally with fire-brick, a circular flue exteads 
from the bottom to the top, while the rest of the chamber is 
filled with fire-bricks. The waste gases from the blast furnace 
enter the Cowper stove by the gas valve shown in the sketch ; 
the air required for combustion enters at the air valve, and 
combustion takes place at A at the base of the internal gas flue. 
The hot products of combustion pass downwards through the 
regenerator of honeycomb brickwork to the exit valve, which is 
connected with the chimney. The mass of brickwork in the 
regenerator absorbs heat from the hot gases, and itself becomes 
red hot, in the upper portion particularly. When this has gone 
on sufficiently long to thoroughly heat the brickwork, the air, gas, 



Fig. 31. — Cowper’s hot-blast stoves. 


a.nd chimney valves are closed, and cold blast is admitted through 
the cold-blast main in the opposite direction, when it takes up 
heat from the brickwork, and is delivered to the furnace through 
the hot -blast valve. It is necessary to have two stoves for each ; 

blast furnace, so that one may absorb heat while the other is > 

heating the blast, and it is advisable to also have a stove in I 

reserve in case of accident. 1 

In the original Cowper stove the bricks were arranged loosely, j 

without any binding material, as in the Siemens^ regenerator. | 

Afterwards, about 1875, the bricks were arranged in rows, with ; 

every other brick projecting so as to form vertical channels. A 
history of the development of fire-brick stoves has been given ; 

by Liihrman.^ 

■ The honeycomb brick employed for the regenerator of the 
* Inst. JovrtL, 1890, voL it, p. 754. 
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modern Cowper stove is illustrated in Fig. 32, and is designed, 
wiieix the bricks are placed together, so as to form hexagonal 
gas passages, all of which have walls of Stourbridge fireclay, 
2 inches in thickness. Each brick is 6 inches in heiglit, and 
weic^hs about 32 lbs. In plan these bricks consist of a hexagonal 
air passage, the greater diameter of which is 7 inches, sui rounded 
by a wall of fireclay 2 inches thick j at each of the six corners 
of this hexagonal wall, a short projecting wall 2 inches square 

and 6 inches high is attached in 
the direction of the longer dia- 
meter, the whole forming one 
brick. The projections are so 
arranged that, on ])lacing the 
bricks into position side by side 
in the stove, the whole of the 
interior is divided into U|)right 
hexagonal air passages, with a 
larger diameter of 7 inches, and 
with fireclay walls 2 inchess tluck. 
The bricks are made by pressing 
the clay into a coliuun of the 
required shape by suitable 
machinery, and cutting oil liori- 

Fig. 32. —Honeycomb brick. zontal slices from this column 

each 6 inches high ; tlieso are 
dried and baked in kilns before use. The bricks were formerly 
pressed separately by hand, but this method has been replaced 
by that just described. 

The combustion flue inside the Cowper stove is usually cir- 
cular in cross section, but it is found that with this form the 
gases have a tendency to pass chiefly down the centre of the 
honeycomb bricks, this being the shorter path, and to leave 
the corners comparatively cool. In order to equalise the dis- 
tribution of the gases, a O shaped combustion flue has been 
introduced as described by W. J. Hudson S, ImL, Nov.> 
1891, Discussion), ^ with the result that the crescent - 8 ha 2 )ed 
corners in the filling of brickwork have been done away with, 
and a more uniform heating obtained. At Friedanshiittc^, in 
Upper Silesia, the same object is obtained by a modification due 
to Bocker, who, instead of giving a uniform cross section to the 
brickwork passages of the stoves, makes those in tluj ecmtre, 
where the gases travel a shorter path, smaller than tliose at the 
sides through which the travel is longer; this is illustrated in 
Inst Journ., 1890, vol. ii., p. 516. 

The hot-blast valve of a Cowper stove is shown in Pig. 33. 
The valve seat is of cast iron ; a wrought-iron tube being cast in, 
and water circulated through the tube to protect the casting 
from over-heating. The valve itself is of steel, and has a sheet 
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of asbestos on each side, which is kept in place by a plate ; this 
prevents the valve from burning at the high temperatures em- 
ployed. The usual temperature obtained by Cowper stoves as 
employed for blast furnace purposes is 1,500“ F. (815“ C.), but 
a temperature of 2,000“ F. can be attained if desired.* 

As compared with pipe stoves the Cowper stove gives a much 
higher temperature, and has thus led to an increased yield of 
about 20 per cent, from similar furnaces ; the fuel consumption 
is at the same time lessened ; in some experiments conducted by 
Mr. Haw don the quantity of gas required by a Cowper stove 
was only two-thirds of that of a pipe stove, while the temperature 
obtained was 1,500“ as against 1,000“ F. These advantages have 
been so fully proved that hundreds of Cowper stoves are now in 
use throughout the world, and a number of modifications of the 
regenerative fire-brick stove have also been introduced. The 



Fig. 33. — ^Hot-blast valve. 

Cowper stove probably gives the highest temperature of any of 
these varieties^ but it has the disadvantage of being somewhat 
easily clogged with dust, especially when smelting finely-divided 
or maganiferous ores. To minimise this difficulty dust catchers 
are often employed (see p. 102). But even under the most 
favourable conditions dust accumulates in the Cowper stove, and 
necessitates occasional cleaning. For this purpose C. Wood, of 
Middlesbrough, employs a small bronze cannon, which is charged 
with powder and run into the stove to be cleaned when the 
blast is turned off. The charge is fired from outside by means 
of a sliding hammer which strikes a percussion cap, and which 
is set in motion by blowing down a long india-rubber tube. The 
explosion thus caused displaces the dust, which is allowed to 
settle and is afterwards removed. Another method of cleaning 
such stoves, which is now in pretty general use, depends on the 
use of release valves, such as Lister’s, which allow of the instan- 
taneous discharge of the imprisoned air ; in order to remove the 
dust the full blast pressure is turned into the stove, and then 
by the release valve this is allowed to pass instantaneously into 
the chimney. A cloud of dust is immediately discharged, and 
being shot up into the air is often visible for considerable 
distances. Cowper stoves are now not unfrequently raised on 

* E. A. Cowper, J, S, C, L, 1893, p. 311 ; also S, Staff. Inst., Sept., 
18S4. 
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columns so as to allow men to stand underneatli for cleaning 
with a scraper. This is done at casting time and when the stove 
has been on blast for some time, as the bottom is then com- 
paratively cool. 

The Whitwell Stove. — The first Whit well stove was erected 
at the Thornaby Iron Works at Stockton-on-Tees in 1865. This 



Tig. S4. 
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with a dome-shaped top, and lined throughout with fire-hrick. 
But the internal arrangement of the two stoves is quite different. 
Figs. 34 and 35 show 
a vertical and hori- 
zontal section of a 
Whitwell stove, in the 
interior of which is a 
regenerator which con- 
sists of a series of ver- 
tical fire-brick ]mssages 
made of o-inch brick- 
work. The gas is ad- 
mitted at A at the 
bottom of the combus- 
tion chamber, while air 
is introduced bj feed 
passages (a), and the 
products of combustion 
pass to the chimney 
through the flue (0). 

The hot and partly 
burned gases pass re- 
peatedly up and down 
through the brickwork 
passages, and after 
giving up their heat 
to the stove ultimately 
leave at a low tempera- 
ture. Air is admitted 
by valves into the feed 
passages so as to com- 
plete the combustion 
as the gases pass 
through the stove, and 
in this the Whitwell 
principle differs from 
that adopted by Oow- 
per. When the brick- 
work is thoroughly 
hot the gas is turned 
off, the cold blast enters 
the stove at D, takes up 
heat from the heated 
brickwork, and passes 
out at B on its way to 
the furnace. The Whitwell stove not only offers less opportunity 
for the accumulation of dust, but also, on account of the shape, 
allows of more ready cleaning while at work, and is thus in 
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favour where the gases are more than usually dusty. The stove 
shown in Figs. 34 and 35 is of the original pattern introduced 
by Mr Whitwell; it was 25 feet high and had a flat roof. The 
more recent forms are 60 to 70 feet in height, while an arched 
top, like that of the Cowper stove, is also_ adopted. 

A number of modifications has been introduced in the con- 
struction of fire-brick stoves in America, one common plan being 
to make them quite independent of the draught of the stack by 
providing a separate chimney, with a valve, at the top of each 
stove. At the same time the arrangement of the regenerator 
has been modified in many ways. 

In the Gordon-Cowper-Whitwell pattern, which is very popular 
in the Southern States, and which is shown in sectional elevation 
in Fig. 35, both the Whitwell and the Cowper systems are com- 
bined, while a separate chimney is provided as is usual in 
America. It is claimed that such stoves have the advantage 
that gases which contain a considerable proportion of dust may 
be employed, while as the latter part of the regenerative action 
is conducted by Cowper bricks, the gases are efficiently cooled, 
and a high temperature can be imparted to the blast.* 

In the Massich i: Crookes Stove the regenerator is on the 
Whitwell principle, but arranged in what is known as a “ three 
pass ” system ; the main combustion tube is placed in the centre 
of the stove, and the gases after passing up the central tube pass 
once down and once up through gas passages similar in principle 
to those of the Whitwell stove, but arranged concentrically 
around the main combustion tube. The products of combustion 
pass out at the top of the stove by a separate chimney.! 

The Ford & Monmr Stove was introduced in Cumberland a 
few years ago, and has since met with considerable favour. J This 
stove is on the fire-brick regenerative principle, with the usual 
external casing of iron plates lined with fire-brick. The modi- 
fications introduced are intended chiefly to facilitate cleaning : 
for this purpose bricks are employed, the upper edges of which 
are dormer shaped so as to prevent the dust lodging; the stove 
is also divided into four separate parts by vertical partitions, so 
that, when it is deshed to clear out the dust, the blast is turned 
on to each section separately, and by proper release valves the 
air is allowed to suddenly escape and so carry away the dust, 
and it is claimed that the stove can thus be readily kept clean 
without any necessity for stoppages. Instantaneous release 
valves, invented by Lister, have also been pretty largely adopted 
for cleaning other varieties of hot blast stoves, and materially 
reduce the deposit which accumulates during the heating by gas. 
Hot-blast valves were formerly a source of much trouble, owing 

* Inst. Journ. (Amer. vol.), p. 335. 

j; Ibid.f 1890, vol. ii., p. 340 ; also Plate 24. 

tibid,, 1890, vol. i., p. 391. 
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to the burning of the seat and consequent leakage. "VVestray and 
Copeland have overcome this difficulty by the use of cast-iron 
valves which have a pipe coiled round the seat ; by circulating 
water through this pipe the seat is cooled and lasts much longer ; 
at the same time arrangements are made for bolting on the seat, 
so that it can be readily changed when necessary (see p- 121 aoite). 

Temperature of the Blast. — The temperature of the blast 
is generally ascertained by the workmen by means of some simple 
test, thougli various pyrometers have been suggested, and to 
some extent applied, for this purpose. In Staffordshire, when 
a moderate temperature is employed, a bunch of dry twigs, or a 
besom, is held in the blast which should cause the wood to at 
once ignite ; this corresponds to a temperature of about 350® C. 
Tor similar purposes a stick of lead is often employed. Tor 
higher temperatures supplied by modern stoves, a stick of zinc 
is used ; this should melt at the edges in a few seconds when 
held in heated blast, and the time required for fusion affords an 
indication of the temperature. Such methods, though rough and 
incapable of giving quantitative results, are very useful in the 
hands of men who are accustomed to their use. 

Among the more refined methods that have been used in 
practice, may be mentioned the electric 'pyrometer invented by 
Sir W. Siemens, which, though accurate at the temperature of 
hot blast, is not automatic in action, and the observations occupy 
a considerable time. The Siemens^ copper-hall pyrometer has also 
been somewhat extensively used, and is easy to manipulate, but 
thougli fairly accurate for a few observations, is not suited for 
continuously recording high temperatures. An air pyrometer 
introduced by J. Wiborgh,* in which the air is kept at constant 
volume, has met with a good deal of favour in recent years, 
particularly in Sweden, and is capable of affording accurate 
indications for a lengthened period. In the Frew pyrometer, as 
applied for determining the temperature of the hot blast, a 
stream of air at constant pressure and temperature is passed 
through a tube placed in the hot-blast main; the air thus attains 
the temperature of the hot blast. The heating tube is com- 
paratively long and of small diameter, and the resistance to the 
passage of the gas through the tube increases with the tempera- 
ture. This increased resistance is rendered visible by means of 
a delicate pressure gauge, and as the apparatus works uninter- 
ruptedly for months at a time, it is possible to tell at any time, 
at a glance, the temperature of the blast, t The use of substances 
of known melting point provides a convenient indication of 
variations in temperature, especially since the laborious obser- 
vations of the late Dr. Carnelly have given so large a list of 
salts of known melting point. It is thus possible to measure by 
the aid of a series of salts, most of which are easily obtainable, 
* InsL Journ., 1888, vol. ii., p. 110. ilhid., p. 125. 
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any temperature between 150'^O. and 900 0., to witliin. a very 
few decrees. .A. convenient table of melting points of various 
salts is° given by Dr. Tilclen.^ Platinum pyrometers Iiave been 
carefully'" studied by H. L. Callendar, who has given a convenient 
summary of his researches, j while ELeycock and Neville Iiav© 
more recently published a valuable contribution to tlio saino 
subject, J though such instruments are not at present adopted in 
the manufacture of iron and steel. 

A special form of air pyrometer, which consists of a platinum 
vessel and tube, intended to be introduced into tlio hot blast 
main, has been drawn and described by H. Morton, jS^. 0. 
1894, p. 869. 

Thermo-electric couples hB,Ye been applied for the determination 
of the temperature of the blast by Professor Iloberts- Austen, 
who has devised a form of apparatus in which, by tlu^ aid of 
photography, an automatic record is obtained on a shc(‘,t of 
sensitised paper placed upon a rotating cylinder. § His apparatus 
was first used at the Dowlais New Works, Cardiff, and it pro- 
mises to realise E. P. Martin’s expectation respecting it, that it 
will establish a new era in the management of iron and steel 
works, |( the thermo-electric couple being introduced into tlie horse- 
shoe blast main of a furnace by means of a tube and gland, Tlie 
furnace was supplied with hot blast by three Cowper stoves, and 
the following illustrates a record of work: — Tlie blast was at 
first supplied by No. 2 stove, which had an initifil tomp('ratur© 
of about 1,160° F,; at the end of an liour this had fallen to about 
955° F. when connection was made with No. 3 stove. 1 'Iuh had 
an initial temperature of 1,230° F., which fell in an hour and fifty 
minutes to 1 , 020 ° when the blast was introduced from No. 1 stove*. 
The stoves were then worked in rotation during the period 
under observation, and during twenty -four hours the temperar 
ture never rose above 1,400° F., or fell below 950° F. H 

The upper record, Fig, 37, shows good and careful firing. The 
felling line, x y, indicates that the blast from a particular stove 
was let into the horse-shoe main (in which, as stated above, the 
thermo couple was placed) at an initial temperature of 1,400° F* 
The time marked on the base line shows that after an hour and 
arhalf the temperature of the blast had fallen to 1,300° F., and the 
blast from another stove was then turned on at an initiid, tem- 
perature of 1,430°. The record proves that the stoves were 
charge regularly every hour and a-half 3 that the fumaco had 
“ taken the blast ” well, and that the blast had not been inter- 
rapted for any purpose, such as changing a twyer. Everything^ 
in fact, had been working satisfactorily. 


! p. 284. i ImL Journ., 1892, vol. i., p. 104. 

t Tram. Ohem. Soc., 1895, p. 160. » » 

§ fet^.,1892, voLii., p. 33; see also Introduction to the Study of Metalltirnn. 
Pyremeiry. ^ [i p. II 7 . lUd., 1.893, vol. i, p. 112. 
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Tte lower record, on the other hand, indicates that a very* 
different set of conditions prevailed while it was taken. ’ It is, 
however, not a continiions record, as it has been made np from a 
series of actual records obtained both in England and in Germany, 
and it proves that the recording pyrometer enables irregularities 



Fig, 37. — Automatic records of temperatures of hot-blast stoves. 

of working to be at once detected. Of course all the mishaps 
recorded could hardly have happened during the time wlaioh 
this diagram represents. 

It shows that while the line a b was being photographed, cold 
blast was mixed with the hot, as the furnace had been ‘‘ sticking,’^ 
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and the line cd indicates that the use of hot blast had been 
resumed. The very high temperature noted at e was due to 
the firing of the blast in the horse-shoe main. When the blast 
was ‘‘taken off” in order to put the tapping hole in, the tem- 
perature fell very rapidly when normal working was resumed. 
The line g h represents the sort of curve obtained when the 
furnace has been “jumped” — that is, the furnace had been 

sticking,” and the blast was taken off and turned on suddenly 
several times in order to loosen the obstruction. The line ij is 
attributed to the fact that a twyer had been changed, and pro- 
bably the blast was taken off for that purpose. The deep dip 
represented by the lines k k', 1 1\ was the result of taking off the 
hot blast and substituting cold as the iron was becoming too 
“ grey.” The line I m shows no irregularity, but the furnace 
was producing very grey iron, and had not “ taken the blast ” 
well; the temperature of the blast (and consequently of the 
stove supplying it) had only fallen about ()0'‘ in an hour and 
a-half. 

The line m, n was obtained as the result of a furnace 
“breaking out,” and a stoppage for repairs was necessary. 

The line o p has been a little exaggerated. It shows where 
the blast was taken off after tapping in order to “stopper the 
hole,” and finally q shows a rapid fall due to a “ break out ” of 
the furnace. The blast was taken off, and some hours elapsed 
before it was again turned on, 

Twyers. — The high temperature which prevails in the hearth 
of the blast furnace, combined with tlie heat of the blast itself, 
leads to the rapid destruction of the ends of the pipes, or twyers, 
employed for delivering the blast into the furnace, unless these 
are efficiently protected. The usual method of protection is by 
means of water cooling. The twyers themselves are usually of 
wrought iron, though cast iron and bronze are also employed, 
the former on account of cheapness and readiness of production, 
and the latter because of their greater durability. Twyers may 
be classified according to the manner in which the water cooling 
is effected. 

1. The first water twyer ever introduced was invented by a 
Mr. Oondie in the west of Scotland shortly after the introduc- 
tion of hot blast.* It is generally known as the Scotch twyer^ 
and consists of a coiled wrought-iron txibe which is embedded in 
a short hollow conical pipe of cast iron. The tube is first coiled 
in such a manner that both ends protrude from the base of a trun- 
cated cone, one on each side ; the coil thus prepared is placed in a 
suitable mould and cast iron is poured round it so that the tube 
becomes imbedded in the cast iron. Twyers of this kind are in 
very general use, though not unfrequently the seating for the 
twyer is now formed of another similar coil, of larger diameter 
' I * Percy, Iron and Steel, p, 428. 
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but shorter, as sliowa in Fig. 38, where the outer coil is used to 
preserve the wall of the furnace and so to diminish the loss of 
time due to changing twyers and similar repairs, while the 
longer and interior coil forms the twyer proper.* Nozzles of 
wrought iron are frequently employed for restricting the quan- 
tity of blast used, as when blowing in a furnace. The largest 





Fig, 38. —Scotch Twyor with outer coil. 


twyer mozzles, used in America, aro as much as 7| inches in 
diameter, t 

2. The Skifordsldre twyer was introduced shortly after that 
just described. It oonsistB of two truncated cones of equal length 
but different diameter so arranged as to leave an annular space. 
Tins space is kept filled witli water, and the twyer is thus cooled. 
The Staffordshire twyer was at one time in very general use, but 

H. Hlkington, 3. Staff. Inst., 1891. 
t ImL Jotirn, (Amor, vol.), p- 235. 
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IS not now so much in favour. It is illustrated in Figs. 3^ 
and 40. 

3. The O'Pen twyer has been largely adoped since its introduc- 
tion by F. H. Lloyd in 1876. It consists of two cones of wrought 
iron, one inside the other, and thus resembles the Staffordshire 
twyer ; it is, however, cooled in a different manner, water being 
introduced in the form of a spray which cools the exposed parts 
of the twyer. The back of the twyer is open : it thus allows of 
ready inspection, and, owing to the greatly diminished danger of 
accidents due to unperceived leakages of water, has met with a 
very favourable reception. In a modification of the open twyer, 
introduced by T. W. Plum in 1877, the water is distributed by 


Fig. 39.— Staffordshire Twyer. 




Fig. 40. — Staffordshire Twyer (Section). 


Fig. 41. — Water Cooled Open Twyer 


a spreader of sheet metal, instead of a spray ; the object of this 
modification was to permit of the use of turbid water which 
would cause the small holes of the spray to become stopped up.* 
The ordinary water cooled open twyer is shown in Fig. 41, 
taken from a drawing by Dr. Wedding of the twyer at Hoerde.f 
An American open twyer is illustrated in Fig. 42, taken from 
Mr. Pilkington^s paper. This may be regarded as made up of 
two parts, both of which are separately cooled. The outer one 
is fixed in the furnace walls, and, as it is not exposed to any 
great heat, may be regarded as a seating for the inner portion. 
This is attached to the blast pipe ; it is of smaller diameter, and 

* Inst Journ., 1878, vol. i., p. 299. 
t Ibid., 1890, vol. ii., p. 515. 
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is arranged so as to be readily replaced when any repairs are 
needed. This part may be regarded as the twyer proper, and 
is separately cooled by water introduced by the pipe shown in 
the drawing. 

Though twyers are usually inserted horizontally in the fur- 
nace, there is much difference of opinion as to the best practice 
in this respect. Sometimes a slight downward inclination is 
given, as this tends to prevent the bottom rising, and, as the 
hearth is filled witli a more oxidising atmosphere, the pig iron 
is slightly refined while in the furnace. Other furnace managers^ 



Fig. 42. — American Open Twyer. 


however, prefer a slightly upward inclination to the twyers, 
believing that the furnace works better, and that a softer iron 
is obtained. Probably the proper inclination of the twyers will 
he regulated by a number of more or less complex conditions, 
and no definite rule can be made on the subject. 

The cutting action on the sides of the furnace is greatest in 
the vicinity of’ and just above, the twyers ; in American practice, 
wluu’o this cutting action would otherwise bo great on account 
of the high pressures employed, it is counteracted by the introduc- 
tion of special water cooling blocks. The cutting action is also 
diminished by an increased ‘‘overhang’^ of the twyers — that is. 
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by allovmg them to pass through the walls of the furnace and 
project some distance into the hearth. The overhang of the 
twyers has an important effect on the available capacity of the 
hearth, and hence on the production of the furnace, as the 
available melting space is not measured by the diameter of the 
hearth from side to side so much as by the distance which inter- 
venes between the nozzles of the twyers. So that while increased 
overhang of the twyers diminishes the cutting action on the 
walls, it'diminishes the melting capacity of the hearth. If, how- 
ever, the blast pressure is insufficient for a furnace of a given 
diameter, increased overhang of the twyers may lead to greater 
regularity of working. 

Effect of Moisture in the Blast. — The quantity of moisture 
present in the atmosphere varies from day to day, and, on account 
of the enormous scale on which iron is produced in modern iron 
works, this variation makes a marked difference in the quantity 
of water which is daily decomposed in the lower part of the 
furnace. The production of hydrogen and carbon monoxide by 
tbe action of water vapour on red-bot coke is accompanied by a 
considerable absorption of heat, and the consequence is that the 
temperature of the hearth is lower when much water vapour is 
present. In the days of cold blast practice it was noticed that 
the furnace always worked better in clear cold weather than 
when the air was warm and moist, the reason being that the 
heat absorbed by the decomposition of the water vapour in 
summer time more than compensated for the increased tempera- 
ture of the atmosphere. In hot-hlast practice the influence of 
moisture in the atmosphere is less marked, though, doubtless, 
this is one of the causes of the irregularities in blast furnace 
work which are often so difficult to explain. It was at one 
time held that in hot-blast practice the introduction of water 
vapour would be advantageous, as the hydrogen produced is so 
powerful a reducing agent. The question has, however, been 
considered at great length by Sir L. Bell, in his Principles of the 
Manufacture of Iron and Steel, and this eminent authority is of 
opinion that the part played % hydrogen in the reactions of the 
blast furnace is relatively unimportant, and that there is no 
advantage to be obtained by increasing the quantity of water 
vapour in the blast. The question has since been discussed by 
W. H. Fryer, who claims that desiccated blast would lead to 
increased production and diminished fuel consumption, and 
states that, if desired, tbe blast could be dried at a cost of 4id. 
per ton of pig iron."’^ 

* Inst lourn,, 1891, voL i., p. 360. 
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Materials Employed. — The weight of the materials required 
in the blast furnace for the smelting of iron is usually from 
seven to nine times the weight of the iron produced. Con- 
siderably more than half of this weight is atmospheric air 
required for the combustion of the coke or other solid fuel. 
Though upwards of 3 tons of solid matter are charged for every 
ton of iron made no solid products are obtained, all the materials 
passing off either in the form of gas at the top of the furnace, 
or as fluid metal or slag at the bottom. The following summary 
gives the approximate weight of the charge employed, and of 
the products obtained, during the smelting of 1 ton of iNo. 3 
Ormesby (Cleveland) hot-blast pig iron : — 


Charge. 

Cwts. 

Calcined ironstone, . . 4S 

Limestone, . . . .12 

Hard Durham coke, . . 20 

Blast, heated in Cowper 
stoves, .... 100 

9 tons. 


Products. 

Iron K’o. 3 grade, . . ^ 

Slag, . . . .30 

Waste gases, . . . 130 


9 tons. 


The weight of ore required, or the “burden,” will depend 
upon the richness of the materials, and is seldom less than 30 
or more than 50 cwts. per ton of iron made. With rich ores 
the weight of limestone and of slag is proportionately reduced, 
and the fuel consumption is less. The fuel consumption also 
varies with the grade of the iron produced, being greatest with 
very grey and least with white iron. It follows, therefore, 
conversely that so long as other conditions remain the same 
increased burden tends to the production of white iron, and 
decreased burden to the production of very grey iron. 

The materials introduced into the blast furnace form two 
currents passing in opposite directions. The first is gaseous 
and more rapid; it is introduced from below and passes away 
from the top; by taking up carbon from the fuel, oxygen from 
the ore, and carbon dioxide from the decomposition of the lime- 
stone, it increases considerably in weight and bulk during 
its passage throijgh the furnace. It enters the hearth at the 
relatively high pressure of about 4 to 10 lbs. to the square 
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inch, and expanding into the upper parts of the furnace passes 
at a reduced speed and constantly lowerings teinpcu'atiiro juul 
pressure through the column of descending* material. ddio 
descending stream consists of solid materials which are charg(‘d 
into the upper part of the furnace when cold or nearly cold; 
their total weight is less than that of tlio aso(niding cmT('nt, 
they move more slowly j but while their temperatures rises utid 
their weight diminishes their speed increases as they ])asH low(‘r 
down the furnace until at length they become fluid in. the 
hearth. In exceptional cases, with irregular working, ])ie(U‘s of 
iron ore may pass through the furnace without being reduced 
as in a case described by E. S. Cook,* which occurxa'tl at tlio 
Warwick furnaces in Pennsylvania; a similar instance with 
Marbella iron ore has been described by E. A. Cowper.f Some- 
times also lumps of coke or lime are removed from the heartli; 
hut these cases are quite abnormal, and, as a general ruh^, the 
whole of the products of the blast furnace are fluid. Accord iin** 
to Griiner the average rate of descent of the solid materials 
charged into the blast furnace is about 20 inches per hour 
while the gases pass upwards at the rate of some 20 inches per 
second, the relative speed of the two currents being theredbro 
about as 1 to 3,600. 


The Ascending Current in the Blast Eurnacf. 

Combustion in the Hearth. — When air which has been 
previously strongly heated is forced into a blast furnace the 
carbon ofthe fuel burns with the oxygen of tho air to produce 
carbon dioxide; this at the high temperature prevailing in the 
hearth is almost instantly dissociated, and the liberated oxviron 
combines with more carbon to produce carbon monoxide, thus: 

C + O2 = CO2 
CO2 = CO + 0 
C + 0 = CO 

The result is that at a very short distance from the twyors 
no free oxygen and no carbon dioxide is to be found iu^the 
^mdi^g gases. This question has been recently reinvestimited 
by j VaaPJoten,_who collected samples 

Jom., 1889, Vol. ih, v. 39] 

+ f«. M..E., 1883, p. 151. ^ • 
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above them ; even in cases where a large excess of air is blown 
into the furnace no free oxygen or carbon dioxide exists a short 
distance from the twyers, and any waste of fuel is due to loss 
of carbon carried off in the gases in the form of carbon mon- 
oxide ; the same remark applies to cold blast furnaces, though 
in this case the zone of combustion extends higher in the 
furnace : — ^ 


Percentage Composition. 


0. 

COo. 

o 

p 

H. N. 


1. 

IMidcIle of twyer eye, . 

13*0 

6 0 

0*0 

0*75 

80*5 

2. 

Xear edge of twver eye, 

0-0 

13 d 

6 0 

0*25 

SO *25 

3. 

2o inches above "No. ], 

0*0 

11*0 

11*75 

2-00 

1 0 "2o 

4. 

Midway between twyers, . 

0*0 ; 

0*0 

: 33*7o 

1*75 

64*5 

5. 

Close to wall of hearth, 

O'O ! 

0*0 

1 45-25 

2*00 

52*75 

6. 

Central point of hearth, 

0*0 : 

0*0 j 

1 37*00 

3 00 

60*0 


The gaseous current passing upward from the hearth into the 
boshes has approximately the following composition : — 


Oxygen, . 

0 

Carbon dioxide, . 

0 

Carbon monoxide, 

34 

Hydrogen, . 

2 

Nitrogen, . 

! ! 64 


100 


Upper Zone of Reduction. — The gases of the blast furnace 
are thus rich in carbon monoxide, which is a powerful reducing 
agent, and which combines with the oxygen of the ore to produce 
carbon dioxide and metallic iron. This change may he most 
simply represented thus — 

FeoOg -r SCO = 4' SCOj. 

Reduction takes place in the upper part of the furnace, though 
the position of the reducing zone varies somewhat, according to 
the nature of the ore and fuel, the height of the furnace, and also 
as to whether lime or limestone is used as a flux. Ihe reducing 
zone is lower in the furnace with easily reducible ores and char- 
coal than with refractory ores and coke (see p. 112). 

The reduction of ferric oxide by carbon monoxide is exother- 
mic — that is, it liberates heat, though the quantity of heat so 
evolved is not great. From the equation above given it follows 
that 112 parts of iron are reduced from ferric oxide by the 
oxidation of 84 parts of carbon monoxide. The reduction of 1 

*StaM, u. Efsen, 1893, vol.i.; J.S.C.L, 1893, p. 928. 
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gramme of metallic iron from ferric oxide absorbs about 1,725 
calories, while the oxidation of 1 gramme of carbon monoxide 
liberates 2,403 calories. The heat liberated is, therefore, 2,403 
X 84, or 201,852 units, against an absorption of 1,725 x 112, or 
193,200 units, leaving a balance of heat liberated over that 
absorbed of 8,652 units. That heat is evolved, owing to this 
equation, has been experimentally proved by Sir L. Bell {Prin- 
ciples j p. 76), who, after carefully noting the temperature of the 
gases issuing from a blast furnace working under normal condi- 
tions, replaced the burden of ore by a mixture of flint and blast- 
furnace slag, which was inert to carbon monoxide, though its 
specific heat was the same as that of the ore. This change 
led to a diminution of 200° F. in the sensible heat of the issuing 
gases. 

It is thus evident that in the blast furnace there are two 
centres of heat generation ; one in the hearth, due to combina- 
tion of oxygen and carbon, the other in the upper part of the 
furnace. The latter is due to a reaction which takes place at a 
temperature below redness, and is of considerable importance, 
though the amount of heat liberated is relatively small. 

With these two exceptions, all the reactions of the blast 
furnace, such as the decomposition of limestone, formation of 
slags, reduction of silicon, phosphorus, (fee., and carbon impreg- 
nation, are endothermic, or lead to the absorption of heat.* 

The two chief centres at which change of composition of tho 
upward gaseous current occurs are thus at the bottom, where 
carbon burns, and near the top where oxygen is absorbed. 
There are, however, other important changes taking place in 
the interval of the passage of the gas through the furnace. It 
is observed, for instance, that if a common red brick, such as is 
used for building purposes, and which contains ferric oxide, is 
heated for a lengthened period in a reducing atmosphere rich 
in carbon monoxide, the ferric oxide is not merely reduced tO' 
metallic iron, but around each particle of iron a deposit of carbon 
is formed, and this is deposited in such quantity as to lead to 
the complete disintegration of the brick.f This result is due to 
an action by which carbon monoxide is decomposed when heated 
in contact with spongy iron, and carbon and carbon dioxide are 
produced — 

2CO = CO 2 + C. 

A precisely similar action takes place in the blast furnace,, 
commencing as soon as reduction is completed, and continuing 
until fusion commences. The result is that the ore, which was 
originally charged in the form of lumps, becomes all split up and 

For fuUer details the student may read the chapter on Thermo- 
chemistry m Roberts-Austen’s Introduction to Metallurqy, 3rd ed. 
t Inst Joum.:, 1891, vol. ii., p. 74. 
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disintegrated into a black powder before the coke burns or the 
slag melts. At the same time a small but gradually-increasing 
proportion of carbon dioxide is found in the gases from the 
boshes upwards. Just below the zone of reduction a further 
considerable increase in the proportion of carbon dioxide takes 
place, owing to the decomposition of the limestone forming part 
of the charge, according to the equation — 

CaCOs = CaO + COo. 

Other Reactions of Carbon Monoxide. — The action of 
carbon monoxide on metallic iron varies in a remarkable manner 
according to the conditions, particularly as regards temperature. 
When the gas is allowed to remain in contact with finely- 
divided iron at low temperatures, ferro-carbonyls corresponding 
to the formulae Pe(CO)5 slowly produced, as 

shown by L. Mond.* The former of these is a liquid boiling at 
103° C. and solidifying at - 21° 0.; it is decomposed when heated 
to 180° 0. with the deposition of a bright mirror of metallic iron. 
Ferro-carbonyl has been found in carbonic oxide which had been 
compressed in an iron cylinder ; it is believed by Roscoe to be 
the cause of the red deposit sometimes found when coal gas 
burns in steatite burners, and has been found by Thorne in gas 
compressed in cylinders for use with the limelight. It has 
been suggested by Berthelot f and by Gamier J that the carbonyls 
may play an important part in the reduction of iron in the 
blast furnace, and account for certain cases in the metallurgy 
of iron in which the metal volatilises. Mond, however, does 
not believe that in the blast furnace the temperature is ever 
low enough to permit of the formation of a body like ferro- 
pentacarbonyl which decomposes at 180° C. 

When carbon monoxide is passed over metallic iron at a tem- 
perature of 400° C. the gas is decomposed, and carbon is deposited, 
while oxide of iron and carbon dioxide are produced. The rela- 
tive quantity of oxide of iron and carbon dioxide which is pro- 
duced depends chiefly upon the temperature employed ; at low 
temperatures ferrous oxide is chiefly obtained, but as the tem- 
perature rises, since carbon decomposes ferrous oxide more 
readily at high temperatures, the products of the decomposition 
of carbon monoxide are carbon and carbon dioxide, very little 
oxide of iron being obtained. It is probable that at the high 
temperatures which prevail in the blast furnace the latter is 
the chief reaction which occurs. 

The presence of carbon dioxide in the lower part of the blast 
furnace, where little or no reduction takes place, may also be in 
part due to a reaction described by Berthelot,! who states that 

* Journ Ghem. Soc., 1891, pp. 604, 1090. 

fCompt. Bend., vol. cxii., p. 1343. 

Xlbid., voL cxiii., p. 189. § Ibid., vol. cxii., p. 594. 
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when pure dry carbon monoxide is iK'ated in glass tubes to 
about 550° O/a small quantity of carbon dioxide is j)roducod 
without any separation of carbon, and sugg(‘sts that an action 
such as may be represented by tlio following capiation takes 
place : — 

lOCO = CsOo + 2CO2 

Leading to the formation of a sub-oxide of carlxni and (‘arbon 
dioxide. Should the correctness of this observation be coidirnnul 
it would doubtless be of importance in the reactions ol tlui blast 
furnace. 

The reactions of carbon monoxide in tbo blast furnace a, fiord 
interesting examples of the influence of physical conditions in 
determining the nature of chemical action. Thus the I’oduction 
of the ore by the furnace gases is distinctly an example of wluit is 
known as the inllueiice ojt‘ mass, since with a certain d(dinite ]>ro- 
portion of carbon dioxide, equal to about one-half of the monoxide 
.present, no reduction takes place ; with still move carbon dioxide 
the gases become actually oxidising. The ])articular change 
which occurs is thus dependent not nun-ely on tlio rndaire of 
the gases themselves, but also on their relative (]uantitie.s. It 
has been further experimentally pro veal by Sir .Lowtluan .Bell 
that the rates of carbon deposition in the lower part of the 
furnace, and of i, 'eduction in the upper portions, arts alike 
increased or diminished as the specal with whicli tli(‘, carbon 
monoxide passes through the furnace is greater or Itiss, and this 
observation affords another example of tlio influema^ of inass. 
On the other hand, temperature plays a most important jiai’t in 
connection with the reactions of blast furnace gas(‘S, sinc(‘, as is 
elsewhere shown, one fundamental lamson for tlu^ advaniagt^ in 
the use of hot blast is due to tlu^ dissociation of carbon dioxide 
at high temperatures. This dissociation also provonts carbon 
monoxide from couqdeting the reduction of any oxides which 
may have passed through the zone of gaseous reduction into the 
lower parts of the furnace, which are at a temperature at which 
carbon monoxide and oxygen liavo little tendency to \inib(i. The 
rate of carbon deposition too is much influenced by tmnpm-atun^, 
as deposition commences at about 420*' F., and gradually inert'aseB 
until a temperatui’o just below visibh^ rcalness is r(‘ach(‘d ; on 
further raising the temperature the action becomes gradually Iohh 
marked, and at or above a bright r(id heat is scarc(dy appr(.‘ciable. 
The action of carbon monoxide both in reduction avul in carbon 
deposition is also largely influenced l)y tlie (hmsity, sizc^, juul 
other characteristics of the ores employed. Tiio chemical ra-* 
actions of carbon monoxide are thus modified by physical condi- 
tions, such as the mass, temperature, or texture of the materials 
used. 

Lower Zone of Beduction. — Since finely-divided iron is 
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partially oxidised when heated with carbon monoxide, as already 
explained, it follows that it is not possible by means of carbon 
monoxide alone to completely deoxidise an iron ore. It has 
been observed by Ebelmen, see p. 142, that in the lower part of 
the blast furnace ferrous oxide exists side by side wnth metallic 
iron, and this is wdiat w’ould be expected from the known 
reactions between ferric oxide, iron, and carbon monoxide. 
The silica and other non-metallic oxides present are not re- 
duced by carbon monoxide but only by solid carbon, and this 
reduction is also effected just before the charge melts. It 
follows, therefore, that as there are two zones in 'which heat 
is developed, the chief being near the twyers where carbon 
burns to monoxide, and the other at the top of the furnace 
where ferric oxide is reduced by the gases, so there are also 
two zones of reduction, the more important being in the upper 
part of the furnace where the iron is reduced by carbon mon- 
oxide, and the other near the tw^yers where ferrous oxide, silica, 
and phosphorous pentoxide are reduced by solid carbon. 

By the decomposition of carbon monoxide in the furnace both 
oxygen and carbon are added to the charge in the solid form, 
and pass down the furnace until at length they combine together 
and are evolved as gas ; it thus follows that in the lower part- 
of the furnace the proportion of oxygen and carbon, in chemical 
combination in the gases, is greater than that calculated from 
the w^eight of blast and fuel used. This is illustrated in the 
following figures given by Sir L. Bell for a furnace 80 feet high ; 
the numbers representing cwts. of oxygen and carbon calculated 
per ton of iron made : — * 


Depth in 
feet. 

Escape 

pipe. 

m 

17| 

24 

30 

30 

42 

49 

n 

74 

Oxygen, 

Carbon, 

36*48 

21*49 

32*86 

20*56 

32*53 

20*86 

29 88 
19*62 

28*76 ’ 
19*50 

; 23*52 
17*64 

24*29 

j 18*22 : 

25*20 

18*43 

32*55 

23*29 


The calculated quantity, in this instance, from the weight of 
fuel, blast, and flux employed was 23*47 cwts. of oxygen per ton 
of iron ; this agrees closely with what was found at a depth of 
36 feet, while there was an excess of both carbon and oxygen at 
lower depths. From these figures it appears that in passing 
through the lower 38 feet of the furnace, from a depth of 36 feet 
to 74 feet, some 5| cwts. of carbon and 9 cwts. of oxygen were 
added to the gases, or about 14 J cwts. out of the total 56 c’wts. 
given off at the furnace top. 

Hydrogen in tlie Blast Furnace.— The reducing effect of 
hydrogen has been held by some authorities to be of great import- 

* InsL JowrrUy 18S7, voL ii., p. 82. 
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ance in blast furnace work; the question has, however, been 
considered at great length by Sir L. Bell, in a special chapter of 
his Principles of the Manufacture of Iron and Steel, who shows 
that the part played by hydrogen in the reduction of iron is 
relatively unimportant ; while from thermo-chemical principles 
it follows that no advantage would be gained by the use either 
of hydrogen itself, or of water vapour or other substances of a 
similar character which, by decomposition in the furnace, would 
yield hydrogen. Space does not allow of the subject being 
treated in detail here. 

Descending Current in the Blast Furnace. 

When the iron ore is charged into the furnace it at first 
suffers no chemical alteration, but gradually absorbs heat until, 
when in a coke furnace, it has passed a few feet below the sur- 
face, and its temperature is raised to about 200° C., it begins to 
slowly lose oxygen, which combines with carbon monoxide to 
form dioxide, and in so doing, as before explained, liberates 
heat. At first reduction is very slow, but as the materials 
descend their temperature gradually rises, and at about 600° 0. 
reduction is rapidly accomplished. At this temperature, also, 
limestone begins to decompose, thus : — 

CaC03 = CaO -f* CO 2 

producing quicklime and liberating carbon dioxide, part of 
which takes up carbon from the fuel, producing carbon monoxide 
at a point where it can take little or no part in the reduction. 
To this waste of fuel the term “ carbon transfer ” has been 
applied. 

By the decomposition of carbon monoxide with metallic iron 
carbon is deposited, as previously explained, and this action 
commences almost as soon as reduction itself. When the charge 
has passed through not more than about 30 feet it has thus been 
deoxidised, and consists of lumps of ore which have been con- 
verted into spongy iron; these, if exposed to the air, would 
be pyrophoric, and contain the gangue. Side by side with 
these lumps are pieces of coke and quicklime. The whole now 
passes down the furnace some 40 feet suffering little chemical 
alteration, except such as is due to decomposition of carbon 
monoxide, and the influence of the relatively small quantity of 
alkaline cyanides which are always present. At length a tem- 
perature is reached which is sujQdcient for the formation of slags 
by the combination of silica with lime and other bases. At the 
same time more or less phosphorus, silicon, &c., are reduced by 
solid carbon, and become combined with the iron. The charge 
then melts, and running down into the hearth, collects below 
the level of the twyers in two layers, the lower one being metal, 
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and the upper on© slag, the density of the latter being less than 
half that of the former. 

Cyanides in the Blast Pnrnaee. — Much importance has at 
various times been attached to the reducing action of cyanides 
in the blast furnace, since Desfosses, in 1826, showed that 
cyanides are })roduced when nitrogen is passed over red-hot 
charcoal, and Bunsen and Playfair, in 1845, found cyanogen in 
the gases from a fuinmce at Alfreton. The latter experimenters, 
■who withdrew considerable quantities of potassium cyanide from 
the furnace, calculated that each cwt. of coal yielded nearly 
1 lb. of this salt, and believed it to exert an important part in 
the reduction of the ore. Dr. Percy, however, from these 
figures, calculated that the cyanides could not have reduced 
more 'than about 3 per cent, of the iron made in this furnace,^' 
and other investigators have generally confirmed the view that 
the part played by cyanides is relatively small, f It may be 
pointed out that, in the blast furnace, all the conditions neces- 
sary for the formation of cyanides ai'e present, as the ash of the 
fuel and the ores themselves supply the necessary alkali. 
W. Hempel has recently shown, by means of a porcelain tube, 
surrounded by a strong air-tight steel cylinder, and heated 
internally with the electric current, that cyanides are formed 
more readily as the pressure increases, and that the cyanides of 
the alkalies are more readily formed than those of the alkaline 
earths. Those facts may help to explain the observation that 
cyanides are formed chiefly in the lower part of the furnace, 
and that, though much lime is present, the cyanogen combines 
in preference with the relatively small (Quantity of potash. 

Professor Iloborts-Auston attaches more importance to the 
action of cyanides than some other writers on this subject, and 
states that in the lowest region of the l)last furnace the reduction 
of the residual oxide of iron is accomplished chiolly through the 
agency of the cyanides formed near the twyers, the cyanide itself 
becoming changed to cyanate. This is probably decomposed 
with the formation of nitrogen and an alkaline carbonate. The 
alkaline salts condenses in thc^ i^PP^'r p^^-i’t of the furnace, and are 
again brought down to the level of the twyers as the materials 
descend. Consequently, each particle of alkali metal does duty 
over and over again, the alkalies introduced in small quantities 
in the fuel accumulating in the furnace to a very large extent. 
As much as 4 ewts. of alkali metal and 2 cwts. of cyanogen per 
ton of iron have boon found in the gases near the level of the 
twyers, and this concentration of alkali explains the fact that 
furnaces reduce more readily after they have been some time 
ixi blast.§ 

* Iron and Steel, p. 451. 

t Compare Sir Ij. Boll, ImL Journ., 1871, p. 81. 

Z Ber,, vol. xxiii., p. 3388. § Metallurgy, p. 195. 
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Reduction in Charcoal Furnaces.— The changes during the' 
descent of the solid materials in a charcoal furnace are, however, 
very different in character from those above described. In some 
experiments by Ebelmen with charcoal furnaces, the materials 
to be examined were placed in an apparatus of strong sheet iron, 
constructed so as to be permeable to the furnace gases; the 
apparatus was attached to a chain and was allowed to descend 
with the charge into a furnace to a determined depth and was- 
then withdrawn, and the materials examined ; the following 
table shows in a convenient form the results obtained : — 



La Chapelle 
(Pisolitic) Ore. 

Laissey (Oolitic) 
Ore. 


EeoOj. 

FeO. 

Fe. 

FeoOs. 

FeO. 

Fe. 

Original ore, 

59-6 



36-2 



Time. Depth. Temperature. 

2 hours, 8 feet, Black Hot, 

63-4 

3-2 


37 0 

trace 


44 ,, 14| ,, Dull Red, 

33-0 

32*5 


27'8 

12-7 

... 

54 ,, I 64 ,, Cherry Red, . 

26-0 

41-8 

trace 

24 '1 

17-5 


64 ,, 1S| j, Wrought Ironsof tens. 


35*0 

26 '7 


302 

10-0 


The total height of the furnace was SoJ- feet, and the depth of 
the boshes 18^ feet ; both ores employed were easily reducible. 
It will be observed that at first the pi’oportion of ferric oxide 
actually increased owing to the expulsion of water, and that 
reduction had scarcely commenced when the materials had 
passed one-fourth of the distance down the furnace. Even at 
the boshes reduction was incomplete, and the ore appears to 
pass through the stages of magnetic oxide and ferrous oxide 
before metallic iron is produced."^ By similar methods with a 
charcoal furnace using roasted spathic ore, Tunner found the 
first signs of reduction at a depth of about 25 feet at a tem- 
perature of about 850° C. which was attained when the materials 
had been in the furnace about two hours ; at another furnace 
the same observer found reduction to commence at 840° C. at 
a depth of 31 feet when the materials had been in the furnace 
six hours.! It will be seen, therefore, that in a coke furnace 
reduction takes place chiefly while the charge is descending 
throuQ:h the first quarter of the height of the blast furnace, and 
that this reduction leads to the direct production of metallic 
iron by the action of carbon monoxide at a low temperature ; in 
a charcoal furnace, on the other hand, reduction is accomplished 
chiefly in the middle of the furnace, it takes place at a relatively 
high temperature, and ferrous oxide is produced as an inter- 
mediate stage in the reduction. 

* Percy, Iron and Steel, p. 457, •\Ihid., p. 456. 
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Tempemtiires of the Blast Furnace. —The maxiimim tem- 
peratui e in the hlast furnace is in the hearth immediately in 
front of the twyers ; the position of this point of maximum varies, 
however, according to the temperature of the air used, it hein*^*’ 
further removed from the twyers with cold blast. The Wmper^ 
ture of the zone of fusion, just above the hearth, is determined 
largely by the fusibility of the slag, and that of the upper part 
of a furnace of given capacity, chiedy by the temperature of the 
blast and the nature of the fuel. In coke furnaces the use of 
hot blast cools the upper part of the furnace, and increased 
capacity acts in a similar manner, though this cooling can only 
be carried to a certain extent as there is a liberation of heat, 
due to the action of carbon monoxide on ferric oxide, which 
leads to the production of a certain minimum temperature in the 
upper part of the furnace, so long as the ore and fuel are the 
same, whatever is the height of the furnace or temperature of 
the blast. With charcoal furnaces, where the zone of reduction 
is lower, the materials in the upper part of the furnace are 
cooler, so that while the temperature of the escaping gases from 
a coke furnace is usually over 200'' C., that of the gases from a 
charcoal furnace, despite its smaller capacity, is, according to the 
determination of Ebelmen, about 100" 0., and sometimes even so 
low as 50". Ebelmen determined temperatures below the mouth 
of a charcoal furnace by lowering into the furnace an ii'on rod, 
at the end of which was a small crucible containing pieces of 
various metals, and showed that at 26 feet 4.J inches down the 
furnace, or 2 feet above the boshes, though silver melted, it was 
not sufficiently hot to melt copper; at the twyer, wrought iron 
melted almost instantaneously. In a coke furnace the same 
observer found the temperature at the mouth about 300" with a 
heavy charge, and 400° with a lighter charge, while at the top 
of the boshes copper melted, and white pig iron softened. By a 
somewhat similar method Tunner also determined the tempera- 
ture of a charcoal furnace at Eisenerz, Styria, with the follo'wing 
results : — 

Depth in feet, 0 7 11 15 17 21 24 25^ 29 34 

T'emperature, 320° 340° 550° 640° 680° 840° 910° 950° 1150° 1450 

These temperatures would doubtless require modification in 
view of modern determination of the melting point of copper, 
which does not exceed 1,080" C. Relatively to each other, how'- 
ever, the values determined by Tunner are probably trustworthy. 

It will be seen from these figures that the temperature in- 
creased very uniformly from the mouth to the twyers. 
temperature of the issuing gases was higher than observed ^ y 
Ebelmen, but in this case calcined ore -was employed, and -with 
raw ore tbe temperature at the mouth is lower.* 

* Percy, Iron and Steel, p. 453. 
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According to Sir L. Bell,* the redaction of ferric oxide hj 
carbon monoxide may be considered to commence at about 
200° 0 while the redaction of ferric oxide by solid cai'bon 
commences at about 400° C. It is evident, therefore, that in 
ordinary working in large furnaces, as the materials are gradu- 
ally heated as they pass down the furnace, the ore will be almost 
completely reduced by carbon monoxide before it reaches tlio 
temperature at which solid carbon can begin to act. The action 
of carbon dioxide on metallic iron, which would lead to oxida- 
tion of the iron sponge, does not commence till the temperature 
reaches about 425° C., and when this temperature is reached the 
charge is in an atmosphere which contains relatively little carbon 
dioxide. The action of carbon dioxide on hard coke, leading to 
the production of carbon monoxide, commences at about 81*^“ 0., 
or at a full red heat. It must, however, be remembered tliat 
some ores are more easily reduced than others, and that charcoal 
and other soft fuels are more readily attacked by carbon dioxide 
than coke. 

The impregnation of the reduced ore with carbon by the 
reduction of carbon monoxide commences almost immediately 
after the reduction of the oxide of iron, and the temperature 
most favourable for carbon deposition is about 400° or 450° O.f 
There does not, however, appear necessarily to be any connection 
between the rate of carbon deposition and that of reduction. 

According to H. Le Chatelier,^ the highest tempei'ature 
attained in front of the twyers of a blast furnace is about 
1,930° 0., while the first part of the tappings from a blast 
furnace making grey Bessemer iron had a temperature of 1,400°, 
and the last and hottest portion of the same tappings had a 
temperature of 1,570° 0. According to the same authority, 
Swedish white cast iron melts at 1,135° C., and grey cast iron 
at 1,220° C. 

The temperature of the waste gases from a modern coke blast 
furnace under normal conditions varies from about 150'' to 
270° C. (300° to 700° B.), being lower after the introduction of 
fresh ore. The greatest variations are caused by irregularity in 
filling, due to stoppages at meal times, or for other purposes, 
and subsequent rapid charging to make good the deficiency. 
Regularity of charging leads to better working, and to diminished 
fuel consumption.g 

Descent of the Charge in the Blast Furnace. — The 
materials which are charged into a blast furnace do not descend 
in distinct strata in the order in which they are charged, or like 
a piston in a cylinder, but they form a kind of vortex or funnel, 
much as sand does in an hour glass. According to the method 


* Principles, p. 71. t PM., p. 189. 

+ vol. cxiv., p. 470 ; J, S, (7. vol. xi., p. 607. 

§ C. Bell, Cleveland Engineers, 1892. 
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of charging, the larger lumps tend to accumulate in the centre, 
at the circumference, or at some intermediate position, the last 
being the preferable position. Whenever the coarse particles 
thus accumulate, the ascending gases pass more readily, as the 
interstitial space is greater ; and if a mai'ked separation of coarse 
and fine materials occur, as when the lumps are at the middle 
or the circumference, the finer ore is imperfectly reduced, and 
thus clots, and leads to irregular working. The distribution of 
the materials is affected by the shape and size of the furnace, as 
shown by F. Brabant,* but to a still greater extent by the 
diameter of the mouth, and by the diameter and the angle of 
the charging cone. 

The descent of the charge in the blast furnace has been studied 
by Sir L. Bell by the aid of a wooden model with a glass front, t 
and more recently Kichards and Lodge have adopted the same 
principle, but have recorded their observations in a very inter- 
esting series of photographs. J A wooden-scale model, 40 inches 
in height, was constructed of the Edgar Thomson furnace, D. 
18853 the model was provided with a plate-glass front, and the 
space between the glass front and the wooden back was 
inches. The materials were charged into the top of the model 
by hand, with the aid of a small scoop, and were withdrawn from 
a small bin at the bottom in which they collected. Four 
separate mixtures were employed, differing in the proportion of 
coarse and fine particles, while the size of the cone in one series 
of experiments was double that employed in the other series. 
In each case the charge was withdrawn from below and charged 
in above until a definite distribution of the materials was 
obtained, when a photograph was taken to preserve a record 
of the result. These photographs, of which Figs. 43« and 436 
are examples, show that a bell of relatively large diameter 
always gives three columns of material in the model, the inner 
being coarse, and the two outer fine. In actual practice this 
would correspond to a column of coarse material in the centre, 
with an annular ring of fine outside (Fig. 43a). A bell of small 
diameter gives a charge which is in five columns in the model, 
the centre and the two outside columns being coarse, and the 
intermediate ones fine (Fig, 436). 

Furnaces without a bell, but in which the top is of smaller 
diameter than the stock line, give a fairly uniform distribution 
of materials. Furnaces fed with a central funnel have a column 
of fine in the centre, which is surrounded by an annular ring of 
coarse material. 

In order to indicate the relative rapidity of the descent of 
different portions of the charge, a layer of charcoal was intro- 

* InsL Journ., 1887, vol. ii., p. 283. 

t Principles^ p. 124. 

:I: Amer. Inst. Mining Engin,^ July, 1887. 
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duced, and its position "was marked after the removal of eac 
scoopful of material from the bottom of the model. It was thu 
shown that lumps descend more rapidly than finer particles, an 
that, particularly in the lower part of the furnace, the centra 
portion moves more rapidly than the sides. In a model of thi 
kind, howevei*, it is nob possible to accurately represent whs 
takes places in the lower part of the furnace, where th 
materials first begin to soften and afterwards to melt. It i 
observed in practice that if the diameter of the bell be too sma! 
in proportion to that of the throat of the furnace, the coars 
material collects chiefly at the outside, as above stated, the resul 
being irregular working and much wejir of the furnace linings 
An account of such a case has been given by E. C. Pechin,* wh 
states that the distance between the edge of the bell and th 
wall of the furnace should not exceed 2 feet, as this gives 
proper distribution of the materials. 

Scaffolds. — When the materials in the blast furnace stick i 
the sides instead of descending regularly they lead to the pr( 
duction of what is known as a ‘‘ scaffold.” Ordinary scaffolc 
may be detected by the fact that the charge descends les 
rapidly on the side on which the scaffold occurs; annuls 
scaffolds are more difficult to detect as they extend over tli 
whole of the furnace. Scaffolding is almost invariably accon 
panied by irregularities in the composition of the waste gase 
by black slags, and by close-grained iron, circumstances whic 
are due to imperfect reduction of the ore. Usually when th 
materials underneath the scaffold are removed by the working ( 
the furnace the obstrucbion becomes detached and a “slip 
occurs. This leads to imperfectly reduced ore passing throug 
the furnace, and to the occurrence of ferrous oxide in the slag. 

Scaffolds are caused by irregularities in the furnace charge 
by weak fuel and small ore, by improper fluxing, by irregula 
charging, and by unsuitable furnace lines. They are also mor 
common when blast of a relatively high temperature is usee 
and are seldom met with in furnaces working with cold bias' 
Generally, a scaffold is followed by a slip, and with a littl 
attention the furnace once more resumes its normal workinc 
In some cases special methods have to be adopted, such as th 
removal of the solid materials in the hearth, the introduction ( 
a gas blowpipe to melt the obstruction, or the use of crowbai 
to dislodge it; occasionally a “skull’' or “ring” scaffold ma 
lead to the complete stoppage of the furnace, or to the destructio 
of its sides by the magnitude of the slip. T. Whitwell mentior 
among the methods employed to dislodge a skull scaffold, “jerl 
ing ” the furnace by suddenly taking off all the blast, and the 
rapidly turning it on again ; the use of petroleum introduce 
above the twyer by which intense heat is developed and th 
* InsL Journey 1888, vol. il., p. 235. 
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materials melted ; and cutting through the plating and masonry 
of the furnace some 15 feet above the existing twyers, or at 
such place as the obstruction is believed to exist, and intro- 
ducing twyers at that point. ^ 

The question of the formation of scaffolds has recently been 
dealt with at considerable length by W. Van Floten, who states 
that scaffolding generally originates when the general working 
of the furnace is good, while with a furnace which is working 
badly the charge is usually sufficiently open to allow of the free 
passage of air. Scaffolding usually commences when bad coke, 
soft wet ore, or a very hot blast is employed. Narrow furnaces 
with nearly vertical walls, and furnaces with very wide hearths 
are particularly liable to this trouble. Scaffolds are also pro- 
duced by very heavy tapping, which leads to the formation of a 
j large cavity in the hearth. Incipient scaffolding is indicated by 

a clear transparent flame at the top of the furnace, while with 
I irregular working this flame becomes white or smoky. As a 

I rule, also, the charge is noticed to sink more slowly when 

I scaffolding begins ; this may be followed by an absolute stoppage, 

I which may be remedied by stopping the blast for a short time ; 

while there is a third and worst stage of scaffolding in which 
stoppage of the blast has no effect. Scaffolds are generally pro- 
duced in the lower part of the furnace, not above the top of the 
boshes, and consist largely of carbonaceous matter, part of which 
is in a state of fine division. Hence the use of cold blast is 
I often very efficacious in removing such accumulations as the 

. ! ffistribution of heat in the furnace is changed and more carbon 

is burned.! 

It has also been pointed out by W. Van Floten J. that, as before 
stated, the descent of the charge cannot be assumed to take place 
uniformly over the whole section of the furnace, especially in 
the zone of fusion. When the burden approaches the twyers it 
is already melted, and takes up but little space ; the hearth 
is, therefore, almost entirely filled with coke, which can only be 
removed by oxidation. The coke is unchanged, except in the 
spaces immediately in front of the twyers, and these form but a 
small proportion of the whole area of the furnace. The charge 
must, therefore,^ descend in as many small funnels as there are 
twyers, the motion being most rapid at the bottom. 

According to this writer, scaffolds'^ are formed separately 
lor each twyer, and do not extend over the whole of the furnace, 
though when scaffolds are formed over all the twyers they may 
oombme to form an arch, which is the worst kind of scaffold met 
with in the blast furnace. 

Eeduetion of Phosphorus.— The phosphorus in the furnace 

* Imt, Journ., 1878, vol. i., p. 202. 
t Stahl u Eisen, 1892 ; J. S. C. 1893, p. 927. 
t iTist, 0, E,, vol. exit, p. 438. 
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cliarge is usually present in tlie form of calcium pliospliate; it 
is, therefore, not affected by carbon monoxide, but is reduced by 
solid carbon in the lower parts of the blast furnace. It is necessary 
at the same time that silica should be present in order to combine 
with the lime, since calcium phosphate is not reduced by carbon 
alone. Hence although phosphorus pentoxide alone would be 
reduced by solid carbon at a much lower temperature, the phos- 
phorus in the ore is not reduced until that point is reached where 
slags are formed and melted, and where the lime is removed. 
In ordinary cases |>ractically the whole of the phosphorus present 
ill the ore passes into the pig iron, and only a trace is met with 
in the sing. To this there are, however, two exceptions. In the 
first plac(‘., if the slag be rich in ferrous oxide, as in the “scouring’ 
slag, which often accompanies white iron, a certain portion of the 
phosphorus passes into the slag, though in the blast furnace it is 
not practicable in this way to produce a pure iron from impure 
orc'.s, as the waste of iron in the slag and the wear of the fur- 
nace lining are great in proportion to the phosphorus removed 
Secondly, it has been shown by N. Ivjellberg* that when the or( 
contains 3 per cent, of phosphorus, if the charge be very basic, aj 
much as half of the phosphorus may pass into the slag. Ores usee 
in ])ractice seldom contain 1 per cent, of phosphorus, and it ther 
passes into the iron wliether the slag is acid or basic; but as 
the phosphorus in the charge increases an increasing proportior 
passfis into the slag, especially when the slag is basic, No phos- 
phorus is lost by volatilisation in the blast furnace. Cinder pig. 
which is made from tap cindex*, as hrst suggested by B. Gibbons 
of Oorbyn’s Hall New Furnaces, near Dudley, soon after the 
introduction of hot blast, sometimes contains over 5 per cent 
of phos])h<)rus, and with exceptional mixtures as much as 7 pei 
cuuit. of phosphorus may be ])rescnt in pig iron. 

Boduction of Silicon. — The silicon existing in the oxidisec 
condition in the furnace charge, as silica or silicates, is noi 
at/ta(dv(‘d by carlxon monoxkhi, or by carbon alone, and is onl} 
rediKUMl with difficulty by carbon in the presence of certair 
nudals at the highest furnace temperatures. It follows, there 
for(‘, that silicon is reduced just before the charge melts, and thai 
carbon monoxide is evolved by the reaction. IJsually not mor( 
than oiie-fcwontioth part of the silicon in the charge is reduced 
th(^ ri'st passing into tho slag. The reduction of silicon is favoured 
])y high, temperatures, and liot-blast pig iron is, therefore, usuallj 
mor<‘ siliceous than that made with cold blast, but this ten 
d(‘uc.y (^an bo, to a considerable extent, counteracted by the use oi 
mort^ lime in tho charge. A siliceous burden also favours the 
])r()d action of pig iron rich in silicon. For certain purposes iror 
containing upwards of 18 per cent, of silicon or “silicon pig^’ h 
now regularly produced in the blast furnace. Though specia, 
* Dmgler's Joicrn,, 1893, vol. cclxxxvil, p. 207. 
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flux6S sucli 3j5 fluorspOir, aro r6ConiniGnd.6d, tli.6 nutlior is inform gcI 
by T B Hokate, who has had large experience in this direction, 
that 'hi<^h silicon pig can be made without any such additions, 
but that very hot working, a large fuel consumption, and a 
siliceous charge are the chief essentials. 

Eednction of Manganese.— All cast iron contains manganese 
in crreater or less proportion, which is obtained from the oxide.s 
of manganese originally present in the ore. It is, however, not 
possible, in ordinary blast-furnace working, to reduce the whole 
of the manganese present in the charge, and the proportional 
loss of manganese is greater when the percentage originally 
present is small. The manganese which is not reduced passes 
into the slag, chiefly in the form of manganous oxide (MnO), 
which is basic ; hence the loss of manganese is less when a basic 
slag— i.e., one rich in lime— is employed, and when the tempera- 
ture of working is high. Basic slags have a high melting point, 
and thus involve high temperatures, with tlio accompanying 
tendency to low sulphur, and also, when there is little manganese, 
to the formation of graphitic carbon. According to 0. H. Eids- 
dale,* the following table gives the minimum proi)ortion of 
manganese which passes into the slag, when the furnace is 
working well, with difl'erent proportions of manganese in the 
metal : — 


Mn per cent, in pig iron. ]\Iiinmiim Mn per cent, in slog. 


Up to 5 

1 

5 „ 10 

10 „ 16 

14 

2 

15 „ 20 

24 

20 „ 25 

3 

25 „ 30 

Si 

50 „ 70 

4 

70 „ 85 

44 


To produce spiegel-eisen, wliicli usually contains from 5 to 25 
per cent, of manganese, the manganese ores are mixed so that 
if three-quarters of the manganese in the charge is reduced, and 
a quarter passes into the slag, the necessary composition will be 
obtained; to prepare ferro-manganese, which contains up to 80 
per cent, of manganese, a richer mixture must be employed, of 
which about four-fifths of the manganese is reduced, and only 
one-fifth passes into the slag. 

Eeduction of Snlphiir.— Usually not more than one-twentieth 
of the sulphur present in the charge passes into the iron, the 
^mainder being found, chiefly as calcium sulphide, in the slag. 
The conditions aflecting the absorption of sulphur have been 
considered at length by the author in a paper on “ Silicon and 
bulphur in Cast Iron,^’t in which the previous work on this 

* Mtes on Iron and Steel Manufacture, p. 43. 
t Inst Joum., 1888, vol. i., p. 28. 
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Hiiliject is summarised, and nmoli experimental evidoiico adduced 
in support of the folio win<^ conclusions : — 

L That a high temperature prevents the absorption of sulphur 
by iron. 

2. That a basic slag readily combiiKis with sulphur. 

3. 3'hat the amount of suli)]nir actually rctaiiitul in the iron 
on cooling is iniluoncetl by the proportion of silicon, manganese 
(and possibly otlnu- elmmuits) present in the metal, these elements 
tending to <‘xchule sulphur. 

In couuetjtion with the last of tliest^ conclusions it may be 
observed that the. author found that, though under special con- 
ditions, it was possible to produce mixtures which contained 
couHi<lt‘riibl(i pro})ortions 10 per cent.) of silicon and sul|>hur 
tog(‘th(‘r, th(‘Mii (deiiuuits Unnhul to separate on kiu*piug the iron 
Iluid for a tiling A lightiu* portion which iloat(‘(l to the top 
eoutain<‘d most of the sulpluir, while the largt^r and heavier part 
btdovv ri'tained most of tln^ silicon, Th(^ author concluded that 
for <‘.very proportion of silicon tlu^re is a certain proportion of 
sulphur which cannot bo (^xc(Huletl iu cast iron under normal 
conditions ; and if by any means an excess of either cloment be 
introductal, this ttuuls to separate on nnnolting the mass and 
keeping it. fov a tinn^ at rc‘st. Bimilar (^xporiunmts by Jlilgen- 
stock imv<‘ confirmed the above observations.* In a curve 
ropri‘Kent.ing th(^ maximum sulphur with a given pcu'contngo of 
BilicoUjt the author showed that Bilicon did not under ordinary 
circumstancc^s reduce the sulphur below about 0*2 per cent., so 
that the addition of silicum would not afford a mtians of desul- 
phurising iron for stetd-making purposes. The failure to observe 
this fact has led to some adverse criticisms on the author’s con- 
clusiorm. 

Sulphur and Manganoso.— -The desulpliurising ollect of 
mangautise is much more marked than that of silicon, and it is 
generally obsiuwtul that with metal which contains from 1 to 2 
per <*eut. ef mangjui(^s<^, ilui Hulpliur is low, even tliough there 
may be v«^ry littb^ Hilictm, and the iron oonstHpiently white. In 
ordinary grey ir(m, such as that used for Bessemer purpoH(‘.s, 
which ct)utaiuH from 2 to 3 per cemt. of silicon, the sulphur is 
almost invarial)ly low : but with white?! iron, such as is used for 
the bwie process, the silioDU is low, and sulphur would, tliorofore, 
be ]>re8cvut in relailvtdy large quantity if mangammo wer(^ not 
added to th(^ charge iu suflicient quantity to give some 1*5 per 
cent, in the metal. 

By a pi*ocims introclu(?ed by J. Massonesc, J cast iroti is de- 
Hulpliurlsed after it is tapped out of the ftiruace by keeping it in 
bulk, in a large ladle or ‘‘niixnr,” iu the fluid states, and adding 

* A a /., 1804, |). 1004. 
t /f/Mf, Jaurn,, 1888, vol. i,, p. 40. 
t IlniLi 1801, vol il, p. 70. 
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a quantity of iron containing the requisite quantity of manganese. 
It is then allowed to stand at rest for a time, when the manganese 
and sulphur combine, and float to the surface as MnS.* The 
desulphurised iron, which contains at least 1 per cent, of 
manganese, is then taken to the steel works, or otherwise used. 
This process, which has now been in regular use for some years, 
afibrds a very efficient means of desulphurisation, and is claimed 
to he more economical than the use of manganese ores in the 
blast furnace. The manganese-sulphur slag may be returned to 
the blast furnace, where the greater part of the sulphur is 
eliminated, and the manganese recovered. The plant employed 
in this method of desulphurisation is shown in Fig. 44, from 
which it will be seen that the fluid iron is brought to the mixer 



■ Fig. 44,— Metal mixer and desulphuriser. 

in a ladle by means of a locomotive, and is afterwards tapped ont 
as required with another similar ladle on a lower level Irons 
too rich m manganese may, if required, be treated with iron 
pyrites (leSj), which will remove the manganese without anv 
injurious effect so long as the elimination is not allowed to 
proceed too far. The reactions which take place between 
manganese and sulphur in pig iron have been treated at length 
y . ii. Holgate, who has had special experience with rich 
manganese alloys T Other methods of desulphurising, which aro 
consS Wast-furnace reactions, will be afterwards 

Gases.— The gases which issuo 
from a blast furnace consist essentially of carbon monoxide 

smaller and variable quantities 
of marsh gas, hydrogen, and ammonia. The proportion of these 

I ^891, vol. ii., p. 248. 

V. Staff. Inst., 1892 ; see also /. S. C. 1894, p. 1063. 
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constituents depends chiefly on the fuel which is employed, 
though in part also upon the perfection with which the process 
of reduction is being conducted from time to time. 

Generally speaking, the gases from furnaces employing raw 
coal are, as might be anticipated, richer in hydrogen and hydro- 
carbons; in coke furnaces, the Yolume of carbon monoxide is 
somewhat greater than double that of the carbon dioxide ; while 
in charcoal furnaces, the greatest proportion of carbon dioxide 
occurs. It is generally found that the most economical working 
is accompanied by a high proportion of carbon dioxide ; the 
reasons for this are discussed in the section dealing with fuel 
consumption. 

The following analyses may be regarded as fairly typical of 
the volume of the various constituents in the gases from the 
three kinds of fuel generally employed, though in actual practice 
considerable variations occur : — 



Fuel Used. 

Coke. 

Charcoal. 

Bituminons Coal. 

Carbon monoxide (CO) . 

25 

19*5 

28*0 

Carbon dioxide (CO 2 ), . 

12 

12*5 

8*6 

Nitrogen, 

59 

63*5 

53*5 

Hydrogen, . 

2 

2*5 

5*5 

Marsh gas, . 

2 

2 

4*4 


The gases from bituminous coal would contain from OT to 0*15 
per cent, of ammonia, which would also be present, though in 
much smaller quantities, in the gases from other fuel. A collec- 
tion of analyses of gases from various furnaces will be found in 
Percy, Iron and Steel, p, 430 ; while numerous analyses will also 
be found in BelFs Principles. 

The composition of the waste gases affords considerable insight 
into the regularity and economy with which the blast furnace is 
working : and for this reason analyses of these gases are regularly 
performed in many important iron works. The calculation of 
these results sometimes leads to intricate problems which have 
been discussed at length by Sir L. Bell in his Prmciples of the 
Manufacture of Iron and Steel, and by J. E. Stead, and W. 
Hawdon,*!* where detailed information can be obtained. 

Utilisation of Blast Furnace Gases. — The chief application 
of the waste gases in modern iron works is for heating the 
hot-blast stoves which are almost universally of the firebrick re- 
generative type and heated by gas. Next in order of importance 

* Inst. M. E,, 1883, p. 138. 

Inst. Journ., 1883, vol. i., p. 101. 
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come the boilers necessary for raising steam for the blast engines 
and other purposes, and usually the gases collected are sufficient 
in quantity to heat both stoves and boilers, and to leave a surplus. 
The waste gas is brought to the boilers by means of a large 
overhead pipe, with branches to each of the boilers which aro 
usually set in a row. It is best to arrange for combustion to 
take place in a space surrounded by firebrick, as this, when 
thoroughly heated, allows of perfect combustion which is not 
possible if the burning gases impinge directly on the relatively 
cold metals of the boilers. The hot brickwork also greatly 
diminishes the possibility of an explosion due to the accidental 
admixture of air with the gas drawn from the furnace. Drawings 
of suitable burners for various kinds of boilers have been given 
by H. Pilkington."^ Where there is an excess of gas over that 
required for stoves and boilers, as is particularly the case where 
raw coal is used, this may be utilised either for roasting the ore 
in suitable kilns, as is practised in Sweden and America (see 
p. 82), or for general heating purposes, as at the Carron Iron 
Works in Scotland, where a large foundry is attached to the blast 
furnace plant, and the blast furnace gases are distributed in pipes 
and used for drying the moulds in the foundry, and many similar 
purposes. In this instance the blast furnaces act as gas producers, 
and would still be needed for this purpose even if they did not 
produce any metal. Modern practice has thus proved the correct- 
ness of the statement made in 1848 by J. B. Budd, the first 
successful worker in this direction in the United Kingdom, tliat 
^^it would appear to be more profitable to employ a blast fiirnaco, 
if as a gas generator only, even if you smelted nothing in it, and 
carried off its heated vapours by flues to your boilers and stoves, 
than to employ a separate Are to each boiler and each stovo.^f 

Recovery of Tar and Ammonia from Blast Burns oo 
G-ases. — When fuel, such as coke or charcoal, which has boon, 
subjected to previous destructive distillation is employed in the 
blast furnace the proportion of ammonia in the gases is so small 
that it does not pay to extract. But where raw coal is used, as 
in the West of Scotland and in Korth Staffordshire, the 1*3;) per 
cent, of nitrogen which is present in the fuel is equivalent to 
about 150 lbs. of commercial sulphate of ammonia per ton of 
coal, of which rather less than one-fifth is given off as ammonia 
and can be recovered, while the rest leads to the production of 
cyanides or passes away as nitrogen in the gases. The proc(is.sos 
employed for the extraction of ammonia may be classified as 
follows : — 

1. Those depending on the cooling and scrubbing of the gases. 

(a) The Alexander and M^Cosh ’process, which is adopted at 
Gartsherrie and other Scotch iron works, involves the use of 

* S, S. Imt., Nov., 1S91. 

i B. A» Report, 1848. 
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an atmospheric cooler of iron tubes, similar to that emplo^yed in 
ordniary gas works, which cools the gases from about 350° to 
120“ F.; it is then passed through water condensers, consisting 
of tiers of tubes, in the inside of which water is circulated, and 
is thus cooled to about G5“ F., when about 30 gallons of am- 
moniacal liquor are condensed per ton of coal. The gas then 
passes through two ^‘scrubbers” where it is brought into 
intimate contact with, and thoroughly washed by, water so as to 
condense the tar, and recover the rest of the ammonia. The 
ammoniacal liquor is afterwards distilled, with as much lime as 
is required to liberate the ammonia, which is passed into sul- 
phuric acid and converted into ammonium sulphate. 

[h) The Dempster process is adopted at the works of K. 
Heath cfe Son near Stoke- upon- Trent. The gases are passed 
into iron vessels containing water in four compartments with a 
water seal ; they thus pass four times under water and deposit 
much tar and dust. They are then cooled in an atmospheric 
cooler of iron pipes, washed with Livesay washers which contain 
plates perforated with small holes so as to split up the gas into 
small currents and condense the tar, and finally with scrubbers. 
The ammonia is afterwards converted into sulphate, and the tar 
rectified. 

(c) The Henderson process is similar in principle to those 
previously described, though each differs in details of working. 

II. Methods depending on the use of acids. 

{a) The Heilson process^ conducted at Summerlee, involves the 
washing of the gas in a scrubber so as to reduce its temperature 
from about 500“ to 140“ F. This removes much of the tar and 
also the alkaline dust which would contaminate the ammonia 
salbs. The gases then pass into a lead lined scrubber where 
they are waslied with dilute sulphuric acid, which when very 
nearly iioutraliHcd by the ammonia is evaporated and crystallised. 

(6) The carried “out at Langloan, depends upon 

the addition of sul])har dioxide to the furnace gases in suliicient 
quantity to combine with the free ammonia to form ammonium 
sulphite. The sulphur dioxide is obtained by burning coal 
‘‘brasses^’ or pyrites ‘‘smalls” in retorts, care being taken to 
avoid any excess of free oxygen. The blast furnace gases are 
first mixed with sulphur dioxide in quantity sufficient to give 
a slightly acid I'caction ] they are then scrubbed, and their tem- 
perature r-educed to 150“ F. ; by a second scrubbing the tem- 
perature is further reduced to about 140“ F., and practically the 
whole of the ammonium sulphite removed. The liquor is then 
mixed with milk of lime and distilled.* 

The composition of tlio tar recovered from blast fuimace gases 
varies according to whether the gases have been thoroughly 
*W. Jones, ImL Journ.j 1885, voL h., p. 410; Sir L. Bell, ibid., 1892, 
vol. ii., p. 15. 
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cooled, as by the Gartsherrie and similar processes, or only 
partially cooled as when acid is employed. Gartslmrrie tar has 
been examined very completely by Watson Smith, ^ who states 
that its density is 0-954 ; it contains about 24 per cent, of i)henols, 
and is a transition tar, being intermediate between the paraffin oid 
tars obtained by distilling shale at a low temperature, and the 
benzenoid tars obtained when coal is strongly heated in making 
coal gas. The tar from the acid processes is heavier than water, 
having a density of about 1*08 ; it contains less oil and more 
pitch than that previously described. These tars have been 
applied on a considerable scale for oil gas making, while the 
phenols they contain are separated and used for the production 
of “ carbolates ” for disinfecting purposes. The amount of am- 
monium sulphate collected from the iron works of the United 
Kingdom in 1890 was about 5,000 tons, and the production 
appears to be fairly stationary at that figure, f 

* Inst. Joum., 1887, vol. ii., p. 97. 

flhid.i 1891, vol. ii., p. 245. 
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CHAPTER IX. 

ON THE FUEL USED IN THE BLAST FURNACE. 

Blast Purnace Coke. — The coke used for tlie smelting of iron 
ores in the blast furnace is of special quality, and in this country 
is still generally made in the bee-hive oven. The Ooppee coke 
oven is also used, in ■which case the coal in the form of fine slack 
is washed, to free it from pyrites and earthy matter before coking. 
In Germany numerous varieties of ovens of various designs are 
employed, and generally tar and ammonia are extracted from the 
evolved gases. Numerous trials of similar ovens have been made 
in the United Kingdom, but it has generally been held that the 
value of the products recovered from the waste gases did not com- 
pensate for the slightly inferior quality of the coke produced. 

Good blast furnace coke is hard and compact; it should be 
clean to the hands, sonorous, and should possess a dark silver 
grey lustre ; it should also be free from moisture, and from 
volatile hydrocarbons. Ooke which is not sufficiently hard or 
strong crumbles to powder under the weight of the superincum- 
bent materials in the furnace, and thus interferes with the free 
passage of the blast. Soft and porous coke is also more readily 
attacked by carbon dioxide in the upper parts of the furnace ; 
this leads to the production of a quantity of carbon monoxide, 
above the zone of reduction, and to a corresponding waste of fuel. 
In exceptional cases, however, it is observed that porous coke, 
where other conditions are favourable for its use, works very 
economically in the blast furnace, and its action then appears to 
resemble that of charcoal. 

Good coke contains about 90 per cent, of carbon, and as little 
ash and sulphur as possible. Any ash which is present is not 
merely a source of loss, owing to its own incombustible nature, 
but it increases the weight of slag, and of the flux, and con- 
sequently the number of heat units required per ton of pig iron 
produced. There is usually not more than a trace of phosphorus 
in good furnace coke, and the presence of this element is to be 
avoided, as any phosphorus contained in the coke would be 
reduced and pass into the pig iron. The presence of much 
sulphur in coke leads either to the production of a sulphury pig, 
or to the use of more limestone, and consequently of more fuel, 
in the furnace. Coke of good quality generally contains from 
0*5 to TO per cent, of sulphur, and from 6 to 9 per cent, of ash. 
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i'<? sometimes used in mixture with other fuel 
Gas coke, w friable, it lias a dull 

for tbe production o , ^ ^ ^ 

grey or black colour, 

^^^e in Le-hive ovens in Durham, and employed in the Olevelaml 
“ct is unsurpassed for blast furnace purposes, wlu o the coke 
Suced in South Wales is also of very excellent quahty. _ 

^ The coke used in the blast furnaces of the United States is 
almost pxclusivelv made in bee-hive ovens of the old-fashioned 
type and is generally somewhat richer in ash, and often 't'so m 
sXhur than that used for similar purposes in the United 
Engdoni. The follo^ving analyses of representative varieties 
are by Simmersbach : * 



ConnelsTille. 

Pocahontas. 

Chattanooga. 

Birmingham. 

Carbon, 

89-58 

92-58 

80-51 

87-30 

Volatile constituents, . i 

•46 

49 

1*10 

•80 

Water, ... - 

•03 

•20 i 

•45 

•16 

Ash, ... • j 

9*11 

6-05 

16-34 

10-54 

Sulphur, . . - I 

•81 

•68 

1-59 

1 

1-20 


In a paper dealing with the physical properties of blast-fui’nace 
coke, M. P. Rossigneiixt observes that when coke began to be 
substituted for charcoal in the blast furnace, a light, poroiis coke 
was necessary, as the furnaces were low, of small caj)acity, and 
driven with cold blast. In such furnaces hard coke would 
descend to the twyer level almost unchanged. In modern prac- 
tice, however, coke must be hard and compact, to resist the 
weight of the heavy furnace charge. The crushing strength of 
coke depends on the coal used and the method of coking ; coals 
yielding less than 19 or more than 40 per cent, of volatile 
matter, are unsuitable for the production of best hard coke. 
The density of the coke is greater when the temperature uschI 
in its production is high, and, usually, the more dense the coko 
the lower is the fuel consumption, as dense coke is less acted 
upon by the carbon monoxide of the furnace gases. Sir L. Boll 
found that a Clarence furnace consumed 10 per cent, more fuel 
when the coke was made in the Simon-Carv^s oven than wlieu it 
wm prepared in the ordinary bee-hive oven, in which a higher 
temperature is employed. 

Use of Coal in Blast Furnaces.— Although coke is the 
most important fuel used in the blast furnace, considerable 
quantities of coal are also eni 2 )loyed. 

* Inst. J'oum,, 1891, vol. i., r. 301. 

+ Ibid,, 1891, vol. ii., p. 187. 
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Coal may be thus classified : — 

1. ll^on-caking, rich in carbon. 

2. Caking. 

3. Non-cakingj rich in oxygen. 

Of these caking coal is not used in the blast furnace. 

Anthracite is a non-caking coal, rich in carbon, of which it 
contains from 88 to 94 per cent. It occurs in South Wales, 
where at one time it was largely used for blast furnace purposes, 
and in Eastern Pennsylvania, whei'e it is. still very largely 
employed. The volatile combustible matter in anthracite is 
small, and chemically it closely resembles coke, though in practice 
it is found that more anthracite than coke is required to produce 
a ton of pig iron. Anthracite does not burn readily, and so can 
only be employed with hot blast, and on account of its tendency 
to splinter and crumble in the furnace, high-pressure blast up to 
10 lbs. per square inch is employed. It is usual also in America 
to carefully screen the coal, so as to remove the finer portions and 
secure greater uniformity of size after it comes from the collieries. 

Bituminous coal, belonging to the class non-caking, rich in 
oxygen, is used in the West of Scotland and in the Midland 
counties of England. Such coal yields about 55 per cent, of fixed 
carbon, and has a calorific power of about 6,100 calories, or three- 
fourths that of pure carbon, but even under most favourable 
circumstances, 27 to 30 cwts. of coal are required to produce a 
ton of iron, and often fully 2 tons are employed. This is due to 
the fact that the volatile combustible matter is largely evolved 
before reduction of the ore is accomplished ; it therefore takes 
little or no part in the reduqtion, hut increases the volume, and 
improves the quality of the waste gases ; while as heat is required 
for the decomposition of the coal, it is abstracted from the top 
of the furnace, and the fuel consumption is increased. 

In the West of Scotland, in the Clyde basin, a variety of coal 
which is suitable for blast-furnace purposes occurs in consider- 
able quantity. It is known as splint coal ; some varieties show 
but little tendency to cake during coking, it is very free from 
decrepitation, and gives a good strong coke, capable of resisting 
considerable jmessure. It contains about 40 per cent, of volatile 
matter, of which rather over 30 per cent, is combustible, and 
yields from 50 to 55 per cent, of fixed carbon. Its composition 
is shown by the following analyses : — 


Carbon, 

71*65 

66-00 

Hydrogen, . 

5*13 

4-34 

Oxygen, . 
Nitrogen, . 

10-J3 

11-09 

1-40 

•94 

Sulphur, 

•78 

•59 

Ash, . 

3*27 

5-42 

Water, 

7*64 

11-62 


100 00 

100 00 


ISO THE METAELHEGY OF IEOH AND STEEL. 

1 the blast furnaces of the West of 

Tliis coal is about 50 to 72 feet in lioiglit; 

.Scoiland, in furnaces , . gOO tons of raw coal per wiHik, 

these furnaces consnm p,av() 

and produce >’f ^ ratare of aboL 500° F.; tlu^y are richer 

the lurnace at a P ^]ien coke or charcoal is used, 

in combustible constituent^^ averages 125,000 cubic 

T'l "‘'rrf ? B^hfr le^ss than one-fifth of the nitrogen wliich 
feet at CO F- recovered from those gases in the 

JS ^ coal of similar character is (iiuploycd 

fr hS farnacef of North Staffordshire and Derbyshire, 
m the bL qtaffordshire about one-third of raw coal is often 
S' "k” A .peci.1 fo» of bl-t tan .00 ™ 
introdLed by Ferrie for use with bituminous coal.f The upper 
portion was d^ivided into compartments intended to act as coking 
chambers, and tbe intention was to coke the coal in the furnace 
before it was burned. Furnaces on this plan were in use for 
some years at Wishaw and elsewhere, but have been abandoned, 
as the irreffularity of working more than counterbalanced any 
advantafve of the system. The relative advantages of coal and 
coke have been discussed at length in connection with a paper 


written bv Sir L. BelL{ 

Brown’ Coal.— In Austria and Germany considerable quan- 
tities of lig’nite or brown coal occur, and this fuel is uscicl lor 
many metallurgical operations. It is of a more recent geological 
age than the ordinary coal of the carboniferous period, and is of 
lower calorimetric value, as the proportion of carbon is low. 
Attention was directed to the use of raw lignite in the blast 
furnace in Styria so early as 1806, but with little success; further 
experiments between 1871 and 1880 were somewhat more pro- 
mising, and have been continued, though the lai'ge volume of 
gas which is evolved, often with an explosion suiliciont to 
crumble large lumps of the coal to powder, is a source of con- 
siderable difiSculty. According to Professor Tunner, the only 
pkee at which raw brown coal has been used exclusively was at 
Kalan, by. Herr Massenez, and the results were not satisfactory. 
Mixtures of brown coal and coke have, however, been employed 
in a number of cases with good results, especially with a blast 
pressure rather greater than usual, so as to counteract tlio resist- 
ance to the passage of the gases due to the crumbling of the 
charge. Inferior lignites, which contain as much as 30 to 40 
per cent, of water, are quite unsuitable for blast-furnace pur- 
pc»es ; those which contain 10 per cent, of water may, as before 
steted, he employed in mixture with other fuel, though hitherto 
the results either of using even superior raw lignites alone, or 


1 1S85, vol. ii., p. 410. 

t Ibid., 1871, p. 432. 
tlhid.y 1884, vol. i., p. 13. • 
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f>f producin^y Idast-furnace coke from such fuel, have not beer 
saiinfactory.* 

Charcoal.— For many centuries charcoal was the only fuo' 
iih(hI in iron making, but in modern times the scarcity of wood 
comhitKHl with large supplies of coal of suitable character, has 
<‘ansed charcoal to ho entindy replaced in the great centres o; 
th(‘ iron tra(h'. (lharcoal is still, however, extensively used ir 
North Anun-it^a, Sweden, and Styria, and, to a smaller extent ii 
otlnn' parts. 'Plu^. wood to he charred should \h\ dry, mature 
and in pi(H‘{‘.s ot‘ considerable size ; it should bo well burned, sc 
as to giv(^ a hard, compact clnm^oal. Tln^ bark of the wooc 
sluudd \ny nnuo\a‘d, as it is cousid(U‘ably richer in phosphorus 
than the. interior portions. f ('harcoal made in n^torts in the 
nianufa(‘tnr<'. of pyroligneous acid is not sulllciently heated aiic 
is of iiderior <puility. In Europe charcoal is gcunmally hurnec 
in luMCpH in thc! woods, while in (lanada the timhcir is hrough 
to ptnauanent kilns, n‘Hemhling th(^ Ixu^hive ovens which ar( 
iuiiploytul for blast furnace coke. In the United States retoi'ti 
are vt'ry gtuierally tunploycxl. Uharcoal which has been quenchec 
with water and allowcxi to stand in the air, though c^^uite dry t< 
otit wanl appearance, oftcui contains upwards of 20 per cent, o 
imuHtun'. It is, thc^refore, dritnl at a low tomporaturo l)ofor( 
lanng uned in tht^ blast furnace, the heat for this purpose bein| 
ohlaimal from thc^ furnaces. Tluj charcoal is often jdaoed oi 
p<*rforaitxl wrought-irou trays, or in trucks of the same material 
and causcnl to pass slowly down a shaft or inclined tunnel, u} 
which a currcuit of heated air is mach^ to flow. When charcoal 
is mnploycd in the blast furnace it is generally observed tha1 
fuel consumption is less, oftxui by as much as 25 to 30 pel 
cent., t.lian when cok(^ is UHtnl. Tliis fact will be referred to ai 
length lat<*r. 

The working of Uu^ two charcoal furnaces still remaining ir 
OnHit Britain was describtul by W. d. M.a<5a(lam in 1B87. Thej 
Indong t(» Ainslie, and ar<^ situatcHl at Newlands and Black 

barrow, near UlversUm, in Bancashire. One dates from before 
171 1| having bt'cu rebuilt in 1870, while the other was built ir 
1747. The lunglit is about 30 and tlie make does not oxceet 
30 tons per week. Cold blast is used, and the slags are glassej 
varimiily tingetl witli colour, and quite unlike any other blasi 
furnace slag. TIu^ charges used to |)roduoe 1 ton of pig iron ir 
1738 ami 1887 respectively were as followe:— 

173S. 1887. 

(Iiiircoal, . . .35 cwti. Charcoal, . . .40 cwta 

Hinl h.viimtitc, . . 40 „ Hod hmamtltc, . . 324 „ 

Iron . . . i „ Irish aluminous ore, . I „ 

l4mrntoiu.i, . . .21,, limestone, . . . 2 „ 

* ImL Joum., 1882, voL i., p. DO. t IhuL, 1888, voL i., p. 260. 

I For defcalli of those see ImL /owra., 1B88, vol. i,, p. 
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Each furnace is blown out once in three years for repairs and 
is allowed to remain out of blast a year, so as to allow of an 
accumulation of charcoal. The wood takes sixteen years to 
grow and about tons of wood are required to produce. 1 ton 
of charcoal, so that 5 tons of wood are needed per ton ot pig 
iron. The iron is of the best quality, and fetches a very high 
price.* This method of production is still followed (1894), just 

as above described. . ^ nr, iv/r 

Use of Gaseous Fuel in the Blast Furnace. — Many 
attempts have been made to smelt iron with gaseous fuc4, but 
with little success. It is obviously not possible to burn gaseous 
fuel at the bottom of the furnace, so as to produce the heat 
necessary for fusion, and to also employ the same gas as a reduc- 
ino- accent for the ore in the upper part of the furnace. If gas 
be*^ in1:roduced into the hearth to act as a reducing agent, the 
immediate result is a lowering of temperature, which would 
ultimately lead to the stoppage of the furnace. Hence the ore 
must be mixed with carbon in some form, to act as a reducing 
agent, and the gas merely used for heating and fusion. Even 
wlien'gas is burned in the hearth, so as to produce the necessary 
heat, and reduction is accomplished by solid carbon, great trouble 
is experienced owing to the hanging of the charge and irregularities 
in its descent, and special means of supporting and distributing 
it during its passage through the furnace are necessary. 

Among the more recent attempts in this direction may bo 
mentioned some experiments by J. T. Wainwriglitjt who con- 
structed a furnace with a vertical shaft and with an auxiliary 
combustion chamber leading into the hearth. furnace 

charge was supported above the hearth on wrought-iron tub(‘s ; 
these were protected from melting by means of a covcu'ing of 
fireclay, and by passing a blast of air through thonr interior. 
In this furnace natural gas was used as fuel, and it was shown 
that the ore could be smelted with only 15 per cent, of tlio coke 
generally needed. Even with an experiment arranged as de- 
scribed, it was not found possible to entirely do away witli the 
use of solid fuel, and in all probability the only advantage wliich 
would be derived from the adoption of such a metliod would bo 
in exceptional cases, when inferior fuel might bo used. 

Since, as is afterwards shown, some 75 per cent, of the avail- 
able heat from the solid fuel used is now actually uli]is(Ml in 
blast-furnace practice, there is little reason to belicivtj tliat any 
great advantage would accrue, in oi’din ary cases, from tlu^ (un- 
ployment of gaseous fuel, unless indeed some other nudhod of 
applying it be devised than has hitherto been introduc(n1. 

A few years ago, with the approval of the latc^ ,T. , 1 1(^(1 
(E. Siemens’ chief assistant), the author suggested a modified 

* Trans. Inverness Scientific Soc., vol. iii., p. 25G. 
t Inst. Journ.y 1889, vol. L, p. 294. 
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Tnetliod of working the blast furnace, which, although it has 
been brought under the notice of several blast-furnace pro- 
prietors, has not yet been actually tried. The object was to 
apply the same principle in blast-furnace working, iespecially 
where coke is employed, as has been found so benefical in the 
new form of Siemens’ furnace. It was proposed to take a certain 
portion of the waste gases, not more than one-third of the whole, 
and to pass them again through the blast furnace, the gas being 
introduced either at the hearth or at some higher level, as found 
most convenient. As will be shown later, the waste gases con- 
sist of about 2 volumes of carbon monoxide to 1 volume of carbon 
dioxide, and the chief reducing agent in the furnace is monoxide. 
The reaction which would take place is as follows : — 

2CO + CO 2 -f- C = 4C0, 

so that one unit of solid fuel would produce four volumes of reduc- 
ing gas, instead of only one as at present (Eng. Pat. 1,161, 1890). 

As it would not be possible, at best, to diminish the fuel 
consumption in this manner by more than a few cwts. per ton 
of iron made, the objections to the use of ordinary gaseous fuel 
would not apply, as there would still be ample coke used to keep 
the charge open. An objection to this proposal has been made 
on the ground that the furnace would be chilled by the reaction 
which takes place ; but the cost of the suggested experiment is 
so small, and the possibilities so great, that the author believes 
it is well worthy of trial. It may be added that the patent was 
allowed to expire in 1894, so that no property is now claimed in 
the above suggestion. 

Consumption of Puel in the Blast Furnace. — The number 
of reactions which take place in the process of iron smelting is so 
great, and their relative importance varies so much, according 
to the conditions under which the furnace is being worked at 
any given time, that it is almost impossible to accurately deter- 
mine, from thermo-chemical data alone, the amount of fuel 
which is theoretically required in order to produce a ton of x>ig 
iron. When, however, the assumptions upon which such calcu- 
lations are based are clearly expressed and understood, the 
results often approximate very nearly to what actually occurs^ 
in practice, the difference between the calculated and actual fuel 
consumption not exceeding 1 cwt. of fuel per ton of iron. 

It has been already explained that in the ordinary blast 
furnace, using coke as fuel, the reduction of ferric oxide to 
metallic iron is accomplished chiefly in the comparatively cold 
upper part of the furnace by the action of the carbon monoxide 
of the furnace gases. The equation is usually given as follows: — 

FgoO, -{- SCO = Feo -f SCOo 

Ferric oxide. Carbon monoxide. Iron. Carbon dioxide. 
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But since the experiments of Sir L. Bell have shown that 
owia<^ to the oxidising effect of carbon dioxide on metallic iron 
at high temperatures complete reduction of calcined Cleveland 
ore is only possible in the blast furnace when the proportion of 
00 to CO, by volume is as 2 : 1 (or as 1 : -78 by weight), it is 
necessary to have 2 volumes of carbon monoxide in the issuing 
gases for every volume of carbon dioxide j the equation, there- 
fore, takes the following form ; — 

Fe,0, + 9CO = + SCO., -H CCO 

Ferrichxide. Carbon monoxide. Iron. Carbon dioxide. Carbon monoxide. 


Proceeding now to calculate the amount of carbon necessary 
to nroduce 20 cwts. of iron, according to the above equation, it 

. . , 20 X 160 

will be found that 1 ton of iron corresponds to — • 


nearly 28*6 cwts. of ferric oxide, and the oxygen to be removed 
will be 28*6 - 20, or 8*6 cwts. per ton of iron produced. To 

remove this oxygen it will require ly'oD cwts. ot 


carbon, since 3 atoms, or 48 parts by weight of oxygen, are 
removed by 9 atoms, or 108 parts by weight of carbon in the 
form of carbonic oxide. This result of 19*35 cwts. of carbon 
per ton of iron is, therefore, the theoretical quantity of fuel 
required in an ordinary coke blast furnace on the simplest 
possible assumption — namely, that the materials to be dealt 
with are pure, and that the only reaction is that which takes 
place between carbon monoxide and ferric oxide. This does not 
take into account the ash and moisture which are always present 
in the coke, the carbon, silicon, &c., in the pig iron, the possible 
direct reduction by solid carbon, or the carbon impregnation in 
the furnace, circumstances which will to some extent counter- 
balance each other ; but it leaves an ample margin of heat for 
melting the metal, slag, (fee., in addition to that required for 
reduction. 

Thermo-Clieniical Calculations of Fuel required. — It is 
interesting to compare such a result, arrived at entirely from 
chemical considerations, with that deduced by Sir Lowtliian 
Bell from his extended observations on the calorific efficiency of 
Cleveland furnaces. The following is an estimate of the number 
of calories, or centigrade heat units, which this investigator 
regards as necessary for smelting 1 ^* 0 . 3 Cleveland foundry iron 
of average composition, and includes those sources of waste 
which may be regarded as inseparable from the operation. As 
a basis of calculation 20 kilos, are employed ; this permits of a 
ready comparison with 20 cwts., a weight which is familiar to 
English manufacturers * : — 


* Principles of the Mamfacture of Iron and Steel, p. 95. 
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Evaporation of water in coke 1 
estimated at, . . . j 

Weight in 
kilos. 

L -os 

Calories per 
unit weight. 

540 

Calories. 

313 

Reduction of 18*6 kilos, of ironl 
from ferric oxide, . . J 

|- 18*6 

1,780 

33,108 

Carbon impregnation, 

•6 

2,400 

1,440 

Decomposition of limestone, . 

11*0 

370 

4,070 

Decomposition of COa from 1 
limestone to CO, . . . J 

^ 1*32 carbon 

3,200 

4,224 

Decomposition of water in blast, 

‘05 hydrogen 

34,000 

1,700 

Reduction of phosphorus, sul- ' 
phiir, aud silicon estimated at, ^ 

3,500 

Eusioii of pig iron, . 

20-0 

330 

6,600 

Fusion of slag, 

27*92 

550 

15,356 


Total heat units usefully applied, 70,311 

Estimated loss through walls of furnace, . . . 3,600 

,, 5 , in twyer water, 1,800 

,, ,, due to expansion of blast and other 

causes, 3,389 

8,789 

Carried off in escaping gases, 7,900 

Total heat necessary, .... 87,000 


It is thus soen that to produce 20 kilos, of Ho. 3 Cleveland 
foundry pig iron some 87,000 heat units are necessary ; but if 
the blast be supplied at a temperature of 540° C. this will intro- 
duce about 12,000 heat \mits derived from the combustion of the 
waste gases ; thus le^iving 75,000 units to be provided in the 
furnace itself. 

The waste gases from a Cleveland furnace must, according ta 
Sir L. Bell, contain at least 2 volumes of carbon monoxide to 
1 volume of carbon dioxide ; from which it follows that the 
calorific pow(u* of carbon when burned in the blast furnace is 
not 8,080, as usual in ordinary combustion, because only 1 part 
of carbon is fully oxidised, while 2 parts remain in the form of 
carbon monoxide. The calorific power of carbon under these 

conditions will be, therefore, ^ or 4,266- 

calories. But coke of good average quality may be assumed ta 
contain 10 per cent, of ash and moisture, so that its calorific 
power is less than that of pure carbon to this extent, and the 
number of heat xtnits evolved by the combustion of a unit of 
coke becomes 4,266 - 426 = 3,840. This number represents 
the calorific value of coke when burned in the blast furnace, and 
it is easy to determine the weight of coke necessary to yield 
75,000 lieat units; thus 75,000 — 3,840 gives 19*53 as the units 
of coke required to produce 20 units of metal in the blast furnace 
under the conditions above given. This result, deduced from • 
thermo -chemical data, agrees with that previously calculated 


166 


THE METALLURGY OP IRON AND STEEL. 


from chemical consideratioas of the simplest character, viz., 19_-35 
cwts. of carhoD per ton of iron, and extended expeiicnce during 
many years has shown that this fuel consumption approximate.s 
to wliat may be obtained with modern, furnaces in Cleveland 
with hard Durham coke. 

Duty of Fuel used. — Sir Lowthian Bell * has also calculated 
the useful effect and the sources of waste in smelting^ Cleveland 
iron, after making all allowances necessary for radiation, loss at 
boilers, chimneys, &c., and his conclusion is as follows 


Heat generated by complete combustion, of IS ‘S3 units of 


carbon (IS ‘83 x 8,080), 

Useful Heat — 

Furnace work, as previously calculated, . 70,311 

Heat in steam generated, . . . . 28,118 

Available beat in unutilised gases, . . 10,837 

Heat in twyer water, 1,800 


100,040 units. 


111,000 ,, 


Waste, .... 39,574 „ 


This waste is accounted for as follows : — 

Loss at chimneys, boilers, and liot-blast stoves, . 
Estimated waste in utilising gases, 

Eadiation, &c., at furnace, 

„ at boilers, stoves, &c. , 


10,090 units, 
7,277 „ 

0,989 „ 

0,212 „ 


39,574 


,, 


From these figures the duty of the fuel used may bo found, 


and it is seen that 


111,066 X 100 


15()"640 — ’ 

total available heat, is usefully applied. So large a proportion 
•of the total heat generated is probably not utilised in any other 
manufacturing operation, so that for economy of smelting large 
•quantities of material the blast furnace is without a rival. Nor 
does it appear probable that any considerable economy in fuel 
will in future be introduced into furnace practice where ore and 
coke, such as are used in Cleveland, are smelted, and where the 
ferric oxide is chiefly reduced by a reaction which leads to the 
occurrence of at least 2 volumes of carbon monoxide in the 
waste gases, to 1 of carbon dioxide. 

So long as this is the case, the figures just given appear to 
prove that nearly 1 ton of coke will be needed to produce 1 ton 
of pig iron, and the consumption of fuel will necessarily be 
greater when raw coal is employed, since a large proportion of 
volatile constituents are then driven off in the upper part of the 
furnace, and lead to production of waste gases of greater volume 
and higher calorific power. 

* Principles of the ManufcLCturc of Iron and Steel, p. 144 . 
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Low Fuel Consumption in Coke Furnaces. — But tlioug 
■wliat has boen above stated may be regarded as proved fc 
Durham coke and Cleveland ore, it has been found possible i 
modern American })racfcice to ])roduce a ton of pig iron with on! 
IG cwts. of coke, and the axithor is informed by managers of lor 
<^xp(U’ienco in South Staffordshire that when using soft, in mi: 
turn with other, coke the fuel consumption is sometimes reduce 
to from IG to 17 cwts. in furnaces of only moderate size. Thes 
facts do not detract from the correctness of the previous co: 
elusions, but indicate that under different conditions oth( 
results are obtained. 

Th(^ following comparison has been made by Sir L. Bell of tl 
practice at the Edgar Thomson ^Vorks at Pittsburg, and tl 
Clarence Works at Middlesbrough. f 


l^irticulars of the Furnaces. 

Olarence 

Works. 

Pittsliurg 

Works. 

TeinpGnituro of blast, .... 

704° C. 

593° C. 

Weight of blast per ton of iron, 

87 ’15 cwts. 

7T20 cwts 

Weight of gases per ton of iron, 

110*17 „ 

100*10 „ 

l\nn})oraturo of escaping gases, 

250° C. 

171° C. 

Cul)ical contents of furnace, . 

25,500 ft. 

18,200 ft. 

Weekly output per 1,000 cubic feet. 

2T57 tons. 

128*00 tons. 

Ore (Ciareiico was ealciuod) per ton of iron, 

48*00 cwts. 

32*20 cwts 

Liiuestono per ton of iron, 

11*00 „ 

9*03 „ 

Slag per toil of iron, .... 

28*00 ,, 

10*71 „ 

Coko cousumod per ton of iron, 

19*99 „ 

16*80 „ 



Cwts. of 0< 
of I 

Olarence 

Works. 

ke per ton 

‘Oil. 

Pittsburj 

Works. 

Keduction of peroxide of iron, .... 

7-47 

8*00 

Ibaluction of metalloids in pig, .... 

•94 

•64 

Dissociation of carbon monoxide, 

•33 

•35 

Fusion of pig iron, 

1*49 

1*59 

Evaporation of water in coke, .... 

•0() 

•02 

Deconpiositi on of water in blast, 

*54 

*56 

Expulsion of carbon dioxiile from limestone, 

•92 

•75 

Keduction of this carbon dioxide to monoxide, . 

*05 

•84 

l^hisiou of slag, 

3-48 

1*42 

(Carried oil' in gases, ...... 

I'GO 

1-21 

Ijoss by radiation, heating twyer water, &:c., . 

2*21 

1*42 


19 99 

16*80 


Inst. Joum. (Amer. vol.), p. 172. 
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From these figures it appears that, in tl.e above instance the 
L-.f for the greater fuel consumption in the Cleveland 

Sie was the greater weight of slag and limestone, due to 
t™e of poorer ore. The heat carried off by the gases, and 
the loss by radiation, &c., were also greater, due doubtless to 


^^°It*isTowOTCT, noticeable that the ratio of carbon dioxide to 
carbon monoxide in coke furnaces, instead of being as 1 : 2 as in 
Cleveland practice, is sometimes increased to as 1 : 1‘5, as in 
a furnace belonging to the Illinois Steel Company, examined 
hy J Whiting. With such an increase in the oxidation of the 
^ses the fuel consumption is diminished ; it is observed that 
at the same time the temperature of the escaping gases is lowered, 
and the yield per unit of furnace capacity is increased.* 

CarTbon Transfer. — According to 0. Cochrane,! who has had 
exceptional experience in the building and management of blast 
furnaces, all economy in fuel with any particular furnace depends 
upon the following three conditions : — 

1. The temperature of the blast. 

2. The temperature of the escaping gases. 

3. The proportion of carbon dioxide which can be maintained 
as such after it has been produced from the carbon monoxido 
o-enerated in the hearth by the oxidising action of the ore. 

^ Cochrane points out that the carbon burned at the twyors 
is converted into carbon monoxide with a liberation of only 
2,473 calories ; this monoxide is in part converted into carbon 
dioxide during the reduction of the ore, and each unit of 
carbon thus oxidised yields a total of 8,080 calories. It is, 
therefore, advantageous to have as large a proportion of carbon 
dioxide as is consistent with the proper reduction of tho ore. 
Any carbon dioxide Avhich has been once formed and is again 
reduced to monoxide by the red-hot fuel leads to loss, and if the 
whole of the carbon dioxide formed by the reduction of the ore 
could be maintained as such, no further economy need be sought 
for. The carbon dioxide produced in the upper parts of the 
furnace by the decomposition of limestone is not a source of any 
heat or economy, but of loss, owing to the reaction with red-hot- 
coke whereby monoxide is produced where it can take little or 
no part in the reduction. 

The reducing action of carbon on carbon dioxide is least when 
the temperature of reduction is low, and is thus not so great 
with ores that are easily reduced. With ores which are more 
difficult to decompose, and which are charged in largo pieces, 
a quantity of unreduced oxide of iron may be carried further 
down into the furnace. In ordinary working most of the oxide 
of iron is reduced by carbon monoxide before the charge attains 


* InsL Journ. 1891, vol. ii., p. 244. 
^InsU M,K, 1883, p. 93. 
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a red heat, but with more refractory materials, or bad workings 
a considerable proportion of carbon dioxide may be produced in 
the lower parts of the furnace and thus lead to waste. The 
amount of carbon absorbed by the ascending gases, according 
to the equation CO^ + 0 = 200, is styled by Cochrane the 
“carbon transfer,” and is expressed in cwts. of carbon per ton of 
iron made. Cochrane has called in question the correctness 
of the law enunciated by Sir L. Bell that, in order to completely 
reduce ferric oxide, it is necessary to have at least 2 volumes of 
carbon monoxide to 1 volume of carbon dioxide, and believes 
that economy in blast furnace working depends less upon the 
composition of the furnace gases than upon the reactions which 
have resulted in giving that composition. Sir L. Bell, on the 
other hand, contends that the composition of the waste gases 
when rightly understood indicates the nature of these reactions. 

Effect of "Working Conditions. — In the previous observa- 
tions on the consumption of fuel the furnace has been gener- 
ally assumed to be of suitable height, shape, and capacity, 
and working in a regular and satisfactory manner. It may, 
however, be observed that any irregularity of working, such, for 
example, as scaffolding, almost invariably leads to increased fuel 
consumption when the weight and grade of the product are con- 
sidered. Any reduction in the height of the furnace also leads 
to the use of more fuel, whether this be due to alterations in 
the height of the structure itself, or to differences in the height 
of tlie materials owing to irregular charging. 

Thus in an experiment performed by T. Oakes many years 
ago at the Ketley Iron Works, a furnace which was working 
well at a height of 55 feet, and giving grey iron, had charging 
holes made in the side about 40 feet above the twyers, or 15 
feet lower than before. The furnace still worked satisfactorily, 
except that the iron produced was all white, and since less fuel 
is required to produce Avbite iron than grey, this was equivalent 
to a larger fuel consumption. The increased consumption of 
fuel, due to irregular filling, has been pointed out by W. J. 
Hudson, and more recently in a paper on “ The Temperature of 
the Blast Furnace” by 0. Bell.^ An excessive amount of blast 
also leads to waste of fuel, not that it leads to free oxygen being 
found in the furnace gases, as was at one time suggested, or even 
that the proportion of carbon dioxide is increased. The result 
of an excess of air is the production of an undue proportion of 
carbon monoxide in the furnace, and this passes away with the 
waste gases without taking part in the reduction of the ore.. 
This was doubtless the cause of excessive fuel consumption in 
the early days of large outputs in America, as has been pointed 
out by F. W. Gordon.f In smelting poor ores, owing to the:, 

* Cleveland Engineers, 1892. 

t Inst. Journ., 1890, vol. ii., p. 74. 
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^er time required for reduction with such materials, an excess 
)last leads to the production of a scouring slag rich in ferrous 
de. 

Ipeed of Working and Economy. — The length of time taken 
the charge in passing from the throat of the furnace to the 
^ers has a considerable influence on the fuel consumption, it 
ig usually observed tliat this is less with rapid- than with 
working furnaces. When charcoal is employed for fuel, the 
rge passes through the furnace much more rapidly than with 
d coke, and a much shorter period elapses between the time 
m the ore is charged into the furnace and its arrival in the 
id condition in the hearth ; and it has already been pointed 
that with easily-reducible ores and rapid working in America 
Lsually low fuel consumptions have been obtained. The 
lanation of this economy is doubtless in part a physical one, 
the rapid charging in, and descent of, cold materials would 
L the ascending gases much more perfectly than when the 
aace works more slowly, and the materials become gradually 
ted throughout.* A small furnace woxddng rapidly on rich 
3 thus cools the escaping gases as efEciently as one of much 
iter cubic capacity working slowly. At the same time it is 
bable tliat, as the escaping carbon dioxide remains for a 
zli shorter period in contact with heated fuel, and is brought 
lontact with much less fuel, the mutual action bet'vveen carbon 
carbon dioxide, or carbon transfer, which leads to the pro- 
tion of carbon monoxide in the upper portions of the furnace, 
ire it can exert little or no beneficial influence, is proportion- 
lessened, and fuel is saved. Excessive driving, on the other 
d, is associated with waste of fuel, owing to the increased 
portion of carbon monoxide in the waste gases due to the 
3SS of blast. 

lonsumption of Euel in Charcoal Eurnaces. — It is 
irved that the consumption of fuel in charcoal furnaces, 
ch are of relatively small size and driven with cold or nearly 
. blast, is usually only two-thirds of that employed in a 
[ern hot-blast coke furnace, and this observation has led to 
h discussion. The first important fact to be remembered in 
connection is that, with the gases from a charcoal furnace, the 
)orbion of carbon dioxide is usually greater than from a coke 
lace, and not unfrequently exceeds the ratio of 1 volume of 
to 2 volumes of CO. Tiie carbon is thus more completely 
lised, and the consumption of fuel diminished ; the speed of 
king and the yield per cubic foot of internal capacity are 
ce increased, while the gases are more perfectly cooled. 

3 difference in the composition of the waste gases is due to 
fact that reduction takes place at a much lower level in 
larcoal furnace, and, as Tunner’s experiments have shown. 

For proof of this statement see Sir L. Bell, Inst. Journ.^ 1893, vol. il. 
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^carcely commences 'below a temperature of about 800° C. There 
is, therefore, no zone of heat evolution near the top of a char- 
coal furnace as in a coke furnace, and the upper part of the 
fuimace is much cooler, so that despite the much smaller size 
of a charcoal furnace, the gases leave at a lower temperature. 
It has been previously pointed out that when the ore has 
descended through about one-fourth of the height of a Cleve- 
land furnace deoxidation is practically complete, while with 
charcoal tlie charge passes halt-way through the furnace before 
reduction commences. The upper part of the furnace being 
thus cool carbon transfer is much lessened. 

Analyses prove that in the lower part of a charcoal furnace 
the proportion of carbon dioxide is greater than when hard coke 
is used; and since a higher temperature is required to effect 
reduction it is probable that the action is of a different character. 
It is remarkable that, while the proportion of carbon dioxide 
present in the gases of a charcoal furnace is greater than is 
compatible with efficient reduction in a coke furnace, the actual 
quantity of carbon dioxide is less than would be formed if the 
ore were reduced by carbon monoxide. Carbon dioxide is, 
therefore, present in quantity which is proportionally too great, 
but actually too small, for a coke furnace. This may be due to 
two causes ; the ore may be in part reduced by carbon, either in 
the form of fuel or as impregnated carbon, with the production 
of carbon monoxide, thus — 

1^^203 + 30 = Fco 3C0. 

Or again, carbon dioxide produced by the reduction of part of 
the ore by carbon monoxide may act on the fuel to reproduce 
monoxide, thus — 

CO 2 + C = 200. 

And this CO being produced low down in the furnace may again 
take j)art in the reduction. In either case the ultimate result 
would be the same as though the ore were reduced by solid 
carbon. 

Probably both reactions take place, the first in the zone of 
fusion, and the second to a smaller extent somewhat higher in 
the furnace. It is reasonable to assume that the direct reaction 
between carbon and ore is of more importance in charcoal than 
in coke furnaces, because the fuel is soft and more readily acted 
upon by oxidising agents, while the ore to be smelted is usually 
tolerably rich, and easily reduced. If this be not so it is difficult 
to see why an easily reducible ore in a charcoal furnace should 
only be reduced at about 800° 0., tbe temperature at which solid 
carbon burns, while a difficultly reducible ore is appreciably 
reduced at about 400° C. by the gases of a Cleveland furnace. 

It has been urged against the theory that reduction is due in 
part to the action of solid carbon that the ore and fuel are present 
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in the form of lumps, and that, therefore, no admixture^ is 
possible. It is noticed, however, even in Cleveland practice, 
that the lumps of ore charged into the top of the furnace are 
disintegrated in passing through the furnace, chiefly owing to 
carbon impregnation, and though lime and coke may pciss through 
in lumps it is very unusual indeed for the ore to be in the form 
of laro*e pieces in the lower parts of the furnace. It will be readily 
understood that in Cleveland practice, even though the ore is 
thus disintegrated, solid carbon would have relatively 
action, because reduction is nearly complete at the top of the 
furnace, and because the coke is in lumps, and is comparatively 
inert. The conditions are, however, different in charcoal 
furnace where the fuel is in a much finer state of division and 
chemically much more active, where reduction takes place much 
lower in the furnace, and where experiments have proved the 
existence of oxides at a depth of upwards of 25 feet below the 
furnace mouth. It must also be remembered that the reducing 
power of carbon monoxide is less at very high than at moderate 
temperatures (see p. 138). 

The foregoing considerations appear to indicate that the smaller 
fuel consumption observed when smelting rich ores, or when 
using charcoal, is a result of the following causes : — 

1. Less slag has to be melted, hence less flux is required, and 
less fuel is needed ^ at the same time less CO^ is evolved from 
the limestone, and less coke is attacked in the upper part of the 
furnace. 

2. lied action takes place at a lower temperature and at a 
lower level in the furnace, hence the 00^ is in contact with the 
heated fuel for a shorter period, and less carbon transfer takes 
place. 

3. The ore is more completely deoxidised in the zone of re- 
duction, and thus less CO 2 is generated further down in the 
furnace where carbon transfer can occur. 

4. As a result of the diminished carbon transfer, combined 
with the easy reducibility of the ore, a higher ratio of CO 2 to 
CO than 1 vol. to 2 vols. is obtained, and a higher calorific power 
is obtained per unit of fuel. 

5. The direct action of solid carbon on the ore, which is small 
with hard coke and refractory ores, is probably of more import- 
ance with ricli ores and soft fuel. 

6. Owing to the rapid descent of tlie charge the issuing gases 
are cooled more perfectly than with similar furnaces working 
with refractory ores. 

Theoretical Minimurn !Fuel Consumption. — It has been 
previously shown that in order to obtain 20 cwts. of metallic 
iron from ferric oxide it is necessary to remove 8*G cwts. of 
oxygen. It is interesting to consider by what reactions this 
oxygen may be removed with the smallest possible fuel con- 
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sumption. If the whole of the oxygen were removed by 
action of solid carbon, thus — 


Fe^Oa -f 3C = Fea + SCO 


since 12 parts of cai'bon combine with 16 parts of oxygen, 


minimum consumption of carbon would be 


8*6 X 12 
16 


= 6*45 c 


per ton of iron. It is easy by a similar calculation to find 
weight of coke needed to produce a ton of pig iron when 
composition of fuel and metal is known. 

But though 6*45 cwts. of carbon thus satisfies the chem 
requirements of reduction it might not supply sufl6cient heat 
the reaction. The following figures show the heat geners 
and that required for reduction, according to the equation xir 
consideration. In the calculation no allowance is made 
incidental losses of heat, many of which are due to the us 
impure materials and to imperfect methods of working; while 
carbon monoxide produced is assumed to be burned and its ] 
utilised : — 


Heat Uni 

0*45 units of carbon oxidised to CO, and the CO after- 
wards oxidised to CO 2 , and the whole of the heat 

utilised (6*45 x 8,OSO), 52, 116 

deduction of 20 units of iron from ferric oxide 

(20x1,780) =35,600 

Fusion of 20 units of pig iron (20 x 330) . . = 6,600 

42,200 


Surplus, . . . 9,916 


It is thus evident that 6*45 cwts. of pure carbon are sufifici 
cither from a chemical or a thermal point of view, to rec 
1 ton of iron assuming the use of perfectly pure materials, 
the quantity of carbon necessary to convert pure iron into 
iron be added — 3 per cent, of the weight of the iron- 
carbon becomes as nearly as possible 7 cwts. per ton of iron. 

Though this figure is very low indeed as compared with x 
thing at present attainable, it is theoretically possible by a 
.simple reaction to produce a ton of iron with a still sm? 
consumption of carbon. In the former case it was assu: 
that the carbon monoxide produced by the action of carboi 
ferric oxide was burned and its heat utilised. If, however, 
carbon monoxide were employed for the reduction of ano 
quantity of ore, 3 molecules of monoxide would combine witl 
atom of oxygen to produce 1 volume of CO^ and 2 volu 
of CO. Hence 4 atoms of oxygen would be removed i 
ferric oxide instead of 3, and the carbon required woulc 

less in proportion, or - = 4*84 cwts. This carbon w 


satisfy the chemical conditions, but the heat generated, the 
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sufficient to accomi^lish reduction, would not be sufficient to melt 
the metal, thus — 

Heat Units. 

4*84 cwts. of carbon burned to COo (4'84x 8,080) . =39,107 

20 cwts. of iron reduced from ferric oxide 

(20x1,780) =^^’522 

Fusion of 20 units of pig iron (20 x 330) . = 6,000 


Deficiency, . . . 3,093 

This deficiency would necessitate the use of 0*38 unit of carbon, 
while the carburisation of the metal would require about O'G 
unit, and the result is as follows : — 


Required for reduction alone, .... 4*84 units. 

Additional carbon to supply heat, . . . '38 ,, 

To carburise the iron, '60 ,, 

Theoretical minimum, . . . 5 *82 


That so low a fuel consumption will ever be attained in actual 
practice is not to be expected, but there is a sufficiently lai-ge 
margin between what is thus theoretically possible, and what is 
actually obtained in even the best practice to stimulate further 
investigation in the direction of increased economy. .From what 
has been stated above it will be seen that very little economy is 
possible in coke furnaces so long as the chief reaction is the in- 
direct one between CO and the ore, instead of the direct action 
of the solid fuel ; nor does experience with other types of furnaces 
lead to hope of greater economy with any of these than with the 
blast furnace. The so-called ‘‘direct” processes are all so costly 
in labour, fuel, and repairs that it is probable that the economy 
of the future will be found in improved methods of working in 
the blast furnace itself, instead of a direct reduction which dis- 
penses with the blast furnace altogether. 

The student wishing for more information on the consumption 
of fuel in the blast furnaces may with advantage read the lengthy 
paper by Sir L. Bell “ On the Waste of Heat, Past, Prescuit, and 
Future, in Smelting Ores of Iron,” Inst. Journ., 1893, vol. ii.> 
pp. 219-284. 


CHAPTEE X. 


SLAGS AND FLUXES OF IRON SMELTING. 

Appearance of Blast-Furnace Slags. — The colour and appeal 
ance of the slag from the blast furnace afford a valuable indicE 
tion of the working of the furnace, and not unfrequently a chang 
in the character of the slag is the first indication of altere^ 
conditions of working. With an excess of lime, as is usual fo 
the production of an open-grain iron, such, for instance, as 
No. 1 grade, the slag is difficultly fusible, and when solidifiec 
is white in colour, light, and soft in texture, and when it come 
in contact with water it readily slakes. With intermediat 
grades, such as No. 4, the slag is more hard and compact, an 
usually has a grey colour, with more or less of a greenish c 
bluish shade, caused by a small quantity of ferrous oxide, an 
probably also by sulphide of manganese. It is this class of sla 
which is chiefly employed for road metal, and for the productio: 
of slag bricks; not unfrequently also definite crystals are me 
with in these slags. When the furnace is making white iror 
the slag produced is dark in colour and very fluid ; it contain 
unreduced iron in the form of ferrous oxide, and on accoun 
of its great fluidity when melted, and its power of attacking th 
furnace lining, is known as a “ scouring ” slag. 

It may therefore be remembered, as a simple rule, that whe: 
the iron is grey the slag is light in colour, while conversely, 
white iron is accompanied with a dark-coloured slag. The prc 
portion of iron present in dark-coloured slags may, in excej 
tional cases, amount to as much as 10 per cent., though usual!; 
it is much less than this, and the analyses of sixteen slags a 
Dowlais with white iron (by E. Eiley) gave an average resul 
of 2*5 per cent, of ferrous oxide ; -while in Cleveland practic 
with grey iron the slags contain only 0*25 per cent, of ferrou 
oxide. 

Disposal of Slag. — It was formerly the custom to run off th 
slag from the blast furnace at intervals between the tapping c 
the metal; this system is known as ‘‘flushing,'^ and is sti] 
adopted where furnaces with open fore hearths are in use. Wit 
small yields the slag is then run into rough open sand moulds 
in each of which a hook is placed, to allow of handling th 
resulting slag block with a chain and pulley. Generally, hov 
ever, slag bogies running on rails are employed ; the body c 
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the bo-ie consists of cast-iron segments bolted together so as to 
Sve atener block of slag, as this form of mould is more easily 
^^moved when the slag solidifies; while m case of sticking, the 

iron frame can be taken to pieces. r i 

In Cleveland the slag is now generally run through a bronze 
twver about 1 inch internal diameter, and flushing is prevented. 
At Sir B Samuelson’s works the slag then flows down a trough, 
from whence it runs into small pans fixed on an endless chain 
of bar links As the chain revolves the slag is delivered into 
iron trucks, which are placed beneath the outer pulley round 
which the chain passes. The trucks, when full, pass down an 
incline, and the slag is cooled with a spray of water ; it is then 
taken by a locomotive to a wharf, where the bottom doors of 
the trucks are dropped, and the slag shot down a spout into a 
barege. The barges are afterwards towed out to sea, and the 
slag deposited. This arrangement is intended to save the great 
weL and tear of bogies and barges due to large blocks of slag, 
as the slag is broken into shingle by the above treatment. If 
the slag is tipped on land, side- or end-tipping waggons are 
employ^.* In America, in some instances, the slag is removed 
from the furnace at intervals in side-tipping ladles, which are 
lined with firebrick, and mounted on bogie carriages ; the lining 
is said to last for months, and the saving in labour and repairs, 
as compared with a train of cinder bogies, is said to be consider- 
able.f 

At the Tolklinger Iron Works blast-furnace slag is granulated 
by running into water, and collected in a large iron receiver 
fitted with a perforated false bottom and divided into two parts, 
so that one side can drain vrhile the contents of the other side 


are being removed. Spouts are arranged around the bottom of 
the receivers, so that the slag sand can be loaded into buckets, 
which are conveyed on an aerial wire railway across the river 
Saar to a waste heap, while the empty buckets are utilised, as 
they return, for conveying coal to the works from a neighbour- 
ing colliery. Attempts have been made to use similar methods 
for conveying slag blocks cast in iron buckets, but the wear and 
tear of the buckets was too great, and though granulated slag 
occupies a larger bulk, it is in the end advantageous to treat the 
slag as above described. J 

An interesting method of utilising the waste heat of blast- 
furnace slag has been patented by Sir L. Bell, and employed at 
the Clarence Iron Works, Middlesbrough. Connected with 
these iron works are extensive salt and chemical works, and the 
slag when cast from the blast furnace in large blocks, and still 
red hot, is taken to the salt works and placed under the pans 


* Inst, Joum,, 1887, vol. i., p. 99. 
t lUd. (Amer. vol.), 1890, p. 233. 
X Ibid.j 1890, vol. ii., p. 620. 
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in which the hrino is evaporated. In this way the heat of the 
slag is gradually given off, and utilised for the production of 
salt, instead of burning solid fuel as usual. 

Composition of Blast-T'urnace Slag.— The following analy- 
HiH by K. Riley gives the composition of the blast-furnace slag 
at Dowlais in liSf)!). The experiments were conducted upon 
tliirttHUi furnace^.H, and during seven consecutive days a portion 
of slag was run into a ladle from each furnace, and an average 
Kainph^ obtniiKul from each portion. The slag from each furnace 
was then st^paratcdy analysed, and the following figures give the 
iiHuin of these thirteen analyses : — 


Silit’a, 

Alumina, ...... 

41*85 

14-73 

Kuitouh <>xi<Us ..... 

2 63 

Man^anoim oxides .... 

1-24 

Linus ....... 

30-99 

Magnusia, ...... 

PotaHh, ...... 

4-76 

1-90 

(’nhduns ...... 

Sulphur, ...... 

1*15 

0-92 

Plumphorus peutoxule, 

0*15 


100-32 


Of thesis thirt(^en furnaces twelve were making the common 
white forgo pig so largely used in South Wales at the time, the 
<>thc»r furnact^ was making grey iron ; all of the furnaces were 
working with cokt^ and hot blast. The following table illustrates 
IIh^ oxtnuno variations in the composition of the slags working 
on whit(^ iron, while the analysis of the slag from the furnace 
making grey iron is added for comparison : — 


Stlh’a, 

Alutuiim, . 
Linus 

Frrrous oxides • 
^Sulphius . 



White Iron. 



. 



Grey Iron. 


Maxiimmi. 

Minimum. 



45-23 

39*09 

38-48 


17*14 

11-55 

15-13 


:)4-32 

23*81 

32-82 


0-91 

1*29 

0-76 


1-31 

0*47 

0-99 

do, 

0-43 

0-10 

0-15 


Of ligures it may ho noticed all the cinders from white 

iron vmxUumHl more silica than that from the grey iron, and only 
L. Wlufc.. cinders examined contained less than 40 per 
<‘t>nt of silu'n. I’lni ferrous oxide was m every case highei wi 
white-iron cinders, while the phosphorus in the slag was not 
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appreciably increased until upwards of 2 per cent, of ferrous 
oxide was present. These results are worthy of note, on account 
of the number of furnaces experimented with, the care exer- 
cised to obtain representative samples, and the reputation of the 
analyst. Full details are given by Dr. Percy.* 

The following analyses of blast-furnace slag and of the pig 
iron produced at the same time are quoted from H. Pilkington."! 
The iron was of foundry quality, and made at Tij)ton Green 
furnaces in Staffordshire : — 


Silica, 

Alumina, . 
Ferrous oxide, . 
Manganous oxide, 
Lime, . 

Magnesia, . 
Sulphur, 


Sla-. 


Pig Iron. 

39-40 

Graphite carbon, 

2-900 

13-30 

Combined carbon, 

0-250 

0-95 

Phosphorus, 

2-805 

0-52 

Silicon, 

2-839 

41-26 

Sulphur, . 

0-047 

3-65 

Manganese, 

0-436 

1-02 

Iron (by difference), . 

90-669 

100-10 


100-000 


Although it is usual for blast-furnace slags to contain a con- 
siderable proportion of lime, it is possible, in exceptional cases, to 
obtain a satisfactory slag without lime, when this base is replaced 
by the oxide of some other metal. Thus Sir L. Bell t has given 
the following analyses of a slag from Rhenish Prussia, in which 
lime is replaced by oxide of manganese (MnO) : — 


Silica, . 

49-57 

Alumina, 

9-00 

Manganous oxide, 

25-84: 

Magnesia, . 

15*15 

Sulphur, 

•08 

Ferrous oxide, 

•ot 


99-68 


Utilisation of Slag. — The quantity of blast furnace slag 
annually produced in the chief iron-making countries of the 
world is upwards of 20 millions of tons, of which but a small 
proportion is at present profitably utilised. The methods 
which have been applied on any considerable scale include 
the following : — 

1. The harder varieties are often used for road metal, especially 
where suitable stone is not easily procured. 

2. Slag is largely employed in levelling and reclaiming waste 
land, in the building of breakwaters, and as ballast for railways. 

3. Bricks are prepared by casting slag in revolving or other 
iron moulds 3 only certain kinds of slag are suitable for this 

* Iron and Steel, p. 498. 
t S. Staff. Inst., December, 1887. 
t Principles, p. 169. 
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process, and the bricks produced are liable to crack from internal 
strains. 

4. The slag is allowed to slowly trickle into water, and is thus 
granulated. The granulated slag is then either mixed with lime 
and pressed into bricks, which set very hard in time, or it is 
ground to an impalpable y)Owder and used for cement. 

5. The molten slag is blown by a jet of steam which produces 
small globules, to each of which is attached a long thin filament. 
It is drawn by a gentle exbaust down a pipe bent twice at 
right angh's, and the globules are thus detached by striking 
against tlu'. side and bottom of the tube. The filaments then 
pass up an incline into a room surrounded with wire gauze, in 
wliieli tli(‘.y ar(‘. (h'posited as ‘‘slug wool,” which is employed as a 
non-eondiie.ting, non-in (lanmiabl(‘, ywicking. 

Methods 4 and 5, which have been employed for a number of 
ycMirs with satisfactory rc^sults, w(n*e suggested by Charles Wood, 
of Middlesbrough, who was the first and best known worker in 
this dir(‘ction in recent y(‘ars. It is, however, interesting to 
not ices that an English y latent was granted to Messrs. Mander, 
Man by Vernon so long ago as May 31st, 1813, for the iitilisa- 
tion of blast furnace slag in the preparation of castings to be used 
for reyilacing bricks, quarries, and tiles ; and it was stated at the 
time that a similar mctliod of using blast-furnace slag had long 
be(m yiractised at the iron furnaces of Sweden.* A still earlier 
patent had boon granted bo J. Payne in 1728, though in this case- 
the details of tlie proposed procedure are somewhat vague, and 
applicul to slags from ^‘divers mottalls and ores.” In 1855 
Messrs. Chance, of Bpon Lane, obtained a patent for casting 
slags, produced by the smelting of iron, in sand moulds which 
had heen previously heated ; the yirocess did not answer com- 
mercially, but ornamental articles are still produced on a limited 
scales by similar methods. A summary of rec(;nt practice in the 
utilisatiem of slag lias been given by W. Hawdon,t while J. E. 
Btead has described the mainifacturo and ymoperties of slag 
cement, :f. The utilisation of blast-furnace slag is conducted on 
a considerable scale in Germany, one firm having produced over 
5 million slag bricks between 1875 and 1892, wliilo in the latter 
year there were in Germany ten slag cement factories with a 
total production of COO, 000 tons. A detailed account of the 
German industry has bejcan given by It. ZBigmondy.§ 

At the Edgar Thomson Works a method has been adopted in 
which the fluid cinder is received in brick-lined tank-waggons 
holding 10 tons. These, when filled, arc drawn to a waste heap 
about half a mile from the furnaces, wlien, by opening a valve,. 

* Thompson’s Annals of Philosophy ^ vol. ii., p. 157. 

•^Inst, if, B,, 1892, p. 70. 

Jouvn., 1887, vol. i., p. 405. 

^JJiufjier'sJourn.^ vol. cclxxxiv., p. 233; J. S. C. vol. xii., p. 2C4. 
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the fluid cinder is run on the ground. This arrangement req^iires 
less land and saves trouble, as compared with the ordinary pro> 

Paving Blocks.—Certain kinds of blast furnace slag when 
run into an iron mould and afterwards annealed make excellent 
pavinc^ blocks. In the Cleveland district some 5 million such 
Hocks'’ are produced annually by the following process Slag of 
suitable quality is run from the furnace into a bogie ladle, from 
which it is poured into cast-iron moulds secured to the periphery 
of a horizontal wheel. Each mould has a hinged bottom, and as 
the wheel is slowly rotated the bottoms of the mould are released 
in succession. The blocks, which are solid at the surface, but 
molten inside, are dropped on to a bed of granulated slag, and 
quickly removed and stacked in an annealing oven, and allowed 
to anneal without any additional heat. In about eight liours tlie 
oven is opened and the blocks withdrawn, when they are ready 
for use. If the blocks were merely cast and not annealed they 
would soon crumble to pieces from the action of internal stresses. 
Elags for pavements are also made on a considerable scale in 
Cleveland from ground slag, which is mixed with Portland or 
slag cement, and moulded into the required shape. They are 
then slacked for some weeks to harden before use.f 

Calculation of Furnace Charges.— In order to calculate 
the nature and quantity of flux required for any particular 
iron ore, it is necessary, in the first place, by means of analyses, 
to determine its composition. From the known characters of 
the silicates of lime, magnesia, alumina, and other metals, 
either alone or when mixed together, the required weight of 
flux can then be determined. The calculations involved are 
much shortened by the adoption of the method suggested by 
Professor Balling, in which the composition of the most readily- 
fusible silicates is diagramatically represented by means of right- 
angled triangles. These triangles are obtained by taking the 
proportions of acid and base in the required silicates as ordinates 
.and abscissae respectively, and connecting the points so obtained 
by a straight line. The composition of the ore being known, 
the proportions of the various bases are marked off on the base 
line, and by a simple construction involving merely the describ- 
ing of a line parallel to the longest side of each of the standard 
triangles, the necessary proportion of acid is found in turn for 
each base which is present. The excess of acid or base in the 
ore is thus determined, and by a similar construction its equiva- 
lent in flux is obtained. This method has been fully described, 
with examples, by Professor Roberts- Austen, J and his descrip- 
tion need not be here repeated. 

* Phillips-Bauerman, Metallurgy ^ p. 220. 

t J. Head, Inst. M. E., 1893, p. 240. 

Z Metallurgy, pp. 1 61-171. 
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In order to render Balling’s method more easy of application 
where many such determinations have to be performed, several 
modifications have been suggested. H. 0. Jenkins* has adopted 
a drawing board with a graduated T square, and with triangles 
drawn to correspond with any silicates which may be desired. 
Instead of having to draw parallel lines for each observation, it 
is only necessary to move the square the required distance on a 
graduated base line, and to read off the corresponding quantity 
of acid on the graduated square. A. \Yingham,t on the other 
hand, adopts the principle of the slide rule, and by means of one- 
large slide and four smaller ones, which represent the most 
important silicates, he is able to determine the amount and 
quantity of flux necessary for an ore of known composition. 

The methods above described are specially useful when new 
ores have to be treated, but in the great majority of cases in 
actual practice the general character of the ore is already known, 
and the object is to guard against accidental variations, while it 
is not practicable to constantly obtain complete analyses of the 
materials to be smelted. It is usual, therefore, to control the 
working of a blast furnace by the examination of the slag, and 
the substances of most importance in this connection are silica 
and lime. 

The composition of the slag in connection with the tempera- 
ture and yield of a blast furnace is of the greatest importance, 
for just as it is not possible to heat wmter in which ice is sus- 
pended to a temperature much above that at which water freezes, 
so it is not possible, unless the hearth is kept filled with coke, to 
raise the temperature of the blast furnace much above the tem- 
perature at which a slag is formed by the materials charged into 
the furnace. With low melting-point slags any increase of fuel or 
blast only alters the yield, without giving a higher temperature,, 
since, in order to maintain a high temperature, it is necessary to 
employ slags which have a high melting point. When, however, 
the slag is of approximately the correct composition, the rate of 
working is determined chiefly by the time required for the com- 
bustion of the solid cai'bon in the hearth. 

It is observed that so long as other conditions do not vary^ 
the rapidity of the furnace working depends on the proportion 
of silica in the slag. This in its turn affects the “ grade ” of the 
iron, since the reduction of silicon and the absorption of sulphur, 
which are the chief factors in determining the ‘‘ richness ” of the 
iron, depend upon the temperature of the furnace. Hence it fol- 
lows that by carefully regulating the proportion of silica on the 
one hand, or of lime on the other, the grade of the iron can be at 
the same time controlled. When the proportion of silica reaches 
or slightly exceeds 40 per cent., the iron obtained is white, whila 

* Inst. Journ.y 1891, vol. i., p. 151. 

+ Ibid., 1892, vol. i., p. 233. 
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the slaty is dark in colour from the presence of ferrous oxide, it 
chills quickly, and contains hut little sulphur; with about 37 
per cent, of silica a forge iron is obtained, while softer and more 
open grades of iron are produced with still less silica, since more 
sulphur then passes into the slag. These values are modified 
somewhat by alterations in the relative proportions of the bases 
present, but are generally true so long as only a moderate 
amount of uliimina is in the slag. With more alumina, as in 
Cleveland, the jmoportion of silica is less, though still a constant 
quantity for a particular grade of iron. 

The idux required in a given case may thus be calculated as 
follows : — Let it be assumed that the ore contains, in addition 
to ferric oxide, which need not enter into the calculation, 18 
parts of silica, 2 of lime, 1 of magnesia, and 6 of alumina. The 
total bases will thus amount to 9 parts, while the silica, or acid, 
is 18 parts. But since the silica in the slag should not exceed 
40 per cent., the bases together must be at least 60 per cent., 

and parts as the smallest quantity of bases which 

will work satisfactorily. As 9 parts of base are already present, 
18 parts of lime should be added to combine with the excess of 
silica. The lime would usually be added in the form of lime- 
stone, and to convert CaO into CaCO.j, the weight of lime should 

he multiplied by which brings the minimum quantity of 

limestone to 32 parts in the case under consideration. It must 
he remembered that the most suitable proportion of silica for 
the grade of iron required must first he known from actual 
experience before this method can be applied. The author has 
seen this method in use at a number of works with good results; 
the silica in the slag being determined daily as a check upon the 
working of the furnace. The analysis and calculation involved 
are of a very simple character, while the method affords an 
excellent guide to the working of the furnace. Numerous 
calculations on a similar principle, hut adopting the ratio of 
silica to bases of 0-85 to 1 as more suitable for American prac- 
tice, have been given by B. B, Amsden.* 

Similar results may be obtained from a consideration of the 
proportion of lime present in a given slag, for it is observed in 
practice that particular varieties of ore require approximately 
■constant quantities of lime in the slag if the furnace is to work 
satisfactorily. The ores employed in'the United Kingdom may 
be divided into the following representative classes, and accord- 
ing to how nearly any particular ore approaches to one or 
other of these classes, so must the burden be altered to yield a 
slag corresponding in its proportion of lime to that given in the 
table : — ° 

* Inst. Joum., 1891, vol. 1, p. 3G9. 
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Lime 
per cent. 

Magnesia 
allowed for 
in Slag. 

Clay ironstone, of which Cleveland is the type, . 
Brown hioniatitc, of which Lincolnshire is the 

30-35 

5-7 

type, 

Pure iifcmatitcs, of which Cumberland or Spanish 

30-40 

4-G 

is the type, * 

42-45 

2-7 

Basic mixtures, with cinder, &c., 

1 40-45 

4-7 

Slags for spiegel-eisen, ferro-manganese, «S:c., 

! 43-48 

2-7 


111 tlio first three cases the product would be No. 3 iron; basic 
pig would usually be mottled, while manganiferous irons are 
wliite. When the magnesia in the burden considerably exceeds 
that which is given in the al)ove table, this excess of magnesia 
must bo allowed for, remembering that 1 part of magnesia is 
equivalent to 1*4 parts of lime. 

Alumina in Slags. — TJie basic character of alumina in slags 
is much less pronounced than that of lime or magnesia, and 
tluu’o are reasons for believing that in some cases, when alumina 
is pres(‘.ut in excess, it behaves as a feeble acid. Hence varia- 
tions in the proportions of alumina have frequently more influ- 
ence on the physical properties, and on the melting point, than 
on the chemical behaviour of a slag. According to the experi- 
ments of 1 \ Gredt f on the influence of different proportions of 
alumina on the fusibility of blast-furnace slags, the addition of 
alumina to mixtures of lime and silica increases the fusibility 
until a composition of 1*87 parts of silica. 1*07 of alumina, and 
1*75 of lime is obtained; but if more alumina be added to this 
the nndting point again rises. Starting with this most fusible 
mixture, which melts at about 1,410° 0., this same experimenter 
found that on adding magnesia the melting point was further 
lowuu’cd, until a mixture was obtained with 1*88 parts of silica, 
1*07 of alumina, 0*93 of lime, and 0*58 of magnesia. This melted 
at 1,3^0”, which was the lowest temperature observed in these 
expe^riuumts, and any further addition of alumina or of magnesia 
rondercul the slag loss easily fusible, 

Oro Mixtures, and Self-Pluxing Ores in Furnace Work- 
ing,— In smelting ores, the gangue of which consists of one 
material only, such as silica, it is found advantageous to add 
alumina to the charge in some convenient form, as mixed silicates 
arc, as indicated al)ovo, more fusible than those with a single 
base. In smelting Cumberland hasmatites, the gangue of which 
consists chiolly of silica, it is usual to employ in mixture a certain 
proportion of aluminous ores, such as those which are imported 

* Uidsdale's Syllahm^ Iron and Steely p. 30. 

Journ.f 1889, vol. ii., p. 412. 
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rom Belfast and from Algiers. Belfast ore, which was first- 
ntroduced for this purpose in 1862, contains about 30 per cent. 
)f alumina j and bauxite, which is sometimes used for similar 
reasons, about 60 per cent. In making basic pig a considerable 
moportion of tap cinder is generally employed; this contains 
^ery little alumina, and in such cases it is advantageous to add 
brgillaceous ores. In the Cleveland district, when smelting 
mported hseuiatites, which are also deficient in alumina, it is 
bund convenient to add a quantity of slag produced in smelt- 
Qg Cleveland ores; this is, of course, practically free from 
ihosphorus, as all the phosphorus originally present in the ore 
tasses into the Cleveland pig, while the slag contains about 20 
►er cent, of alumina, and thus acts as a cheap and suitable flux. 
n making basic pig, when the proportion of phosphorus in the 
harge is less than -usual, a suitable addition of basic slag from 
he steel works id employed ; this replaces limestone in the 
urnace charge, and at the same time supplies the required 
)hosphorus. In some parts of Lincolnshire and Northampton- 
hire ores are met with which are very rich in lime, though 
ometimes these ores contain comparatively little iron. They 
an, however, be advantageously used with siliceous ores to 
iroduce a self-fiuxing mixture. The brown ores of the Hhenish 
rovinces, known as minette, are often also self-fluxing. In 
hose cases, which are not very frequent, where the gangue is 
asic, as in Styria, the flux added is necessarily acid in character, 
Qch as quartz, sand, kc. If the slag is made more than usually 
Qiceous, it becomes more fusible, and white iron is produced ; 
bis generally happens if the silica in the slag exceeds 40 per 
ent. Ore mixtures yielding slags of this character can seldom 
e used with advantage, except when a considerable quantity of 
langanese is present, as the white iron then produced is free 
rom sulphur ; in other cases, though the make of the furnace is 
reater and the fuel consumption less, the product is so inferior 
bat siliceous slags are quite out of the question. It must also 
e borne in mind in arranging a blast-furnace charge, that a 
Brtain proportion of slag is required per ton of iron in order to* 
lake the furnace keep “open’^ and work satisfactorily; it may 
berefore be necessary in some instances to add easily-fusible 
laterials, simply to give the required slag, and occasionally for 
bis purpose a quantity of the slag made by the furnace itself 
lay be added to the charge. 

The heat required to, melt a unit weight of slag is greater than 
hat required for cast iron, the value adopted by Sir L. Bell for 
lag being 550 heat units, and for cast iron 330 heat units. It 
5 probable, however, that the former number was over-estimated, 
s Akerman^s researches gave an average value of 388 units, as 
equired for the fusion of slag. This number was obtained as a 
esult of the examination of seventy-four slags, while the lowest 
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value was 340 units in a somewliat siliceous slagfrom Vordernberg, 
in Styria, and the maximum 463 from a titaniferous Swedish slag 
high in magnesia. It is stated that the melting points of blast- 
furnace slags range from about 1,100° C. to 1,500“ 

Limestone. — The limestone which is employed in the blast 
furnace as a flux should be as free from silica, phosphates, and 
other impurities as possible. It should contain at least 90 per 
cent, of calcium carbonate, the residue consisting of carbonate 
of magnesia together with silica, alumina, and other earthy 
matters. Limestone which contains any considerable proportion 
of bituminous matter is unsuitable for use as a flux, as the 
carbonaceous material is not in a form Avhich admits of ready 
combustion, and it therefore renders the limestone very refrac- 
tory in the blast furnace. Dolomite or magnesian limestone 
usually contains about 55 per cent, of calcium carbonate, 40 per 
cent, of magnesium carbonate, and 5 per cent, of silica, oxide of 
iron, and alumina. Slags rich in magnesia are less fusible than 
those with calcium carbonate alone, and thus lead to a more com- 
plete removal of sulphur; for this reason it is not unusual in Cleve- 
land to add a certain proportion of dolomite to the furnace charge. 

An analysis of Cleveland limestone made in the Metallurgical 
Laboratory of Mason College by W. L. Roberts gave the follow- 


ing values : — 

Lime, 49*75 

Magnesia, 2*08 

Carbon dioxide, 4T20 

Silica, 5*17 

Alumina, *69 

Ferric oxide, *83 

Organic matter, *20 


99*92 


The following analyses of limestone, used for blast furnace 
purposes, are quoted by H. Pilkington from various sources : — f 


Dudley. 

Wenlock. 

Froghall. 

Welsh. 

Derby- 

shire. 

Carbonate of lime, . . 97 ‘31 

91*30 

98*44 

99*25 

98*89 

Carbonate of magnesia, . 1 '00 

0*79 

0*49 

0*41 

0*22 

Oxide of iron and alumina, 1 *89 

1*36 

0*26 

0*10 

0-21 

Silica, 

6*55 

0*80 

0*10 

0*35 

Phosphoric acid. 

j 0*04 


trace 

trace 

Snli)hur, . 

trace 


trace 

trace 

Water, 




0-27 

Organic matter, 


0*01 



Alkalies, . 



0*14 


100*20 

100*04 

100*00 

100*00 

99*94 


* Phillips-Bauerman, Metallurgy, p. 216. fS. Staff. List., Dec., 1887. 
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The proportion of sulphur in a sample of good limestone is 
small, and usually does not exceed 0*25 per cent. 

Use of Lime in the Blast Furnace. — In some cases the 
limestone is burnt, or causticised, before being uscai ; this is 
done to lessen tJie bulk of materials charged into th(‘ furnacto 
per ton of iron produced, while, at the same time, it redm^es th(\ 
waste of coke caused by the reaction. V)etween car})()u (li(>xi<I(^ 
and the solid fuel, whereby carbon monoxide is prodiUM^l in tlui 
upper parts of the furnace, where it can l)o of no assistaruH^ in 
promoting reduction. The bulk of the waste gases is pi-opcn-tiorn 
ally reduced, while by the removal of so much carbon dioxi(h‘. 
their quality is improved. Opinions are, liowover, by no nn^ans 
unanimous in favour of this method of procedure. 

Dr. Percy mentions some experiments conducted in tlu‘. Ural 
so long ago as 1836, where, by the substitution of lime for linn^- 
stone,"ib was stated that an economy of about 2s. ])er ton of pig 
iron was obtained. Some experiments in ihdgium in lHr)2 are 
said to have given an increased yield of 25 peu’ c(mt. wit.li a 
diminished fuel consumption when lime was used ; th(‘.s(^ expiun- 
ments were continued for some years with satisfactory rt‘sults. 
At the same period in Silesia the use of lime le<l to gnvibu' yi(‘ld 
and diminished consumption of coke, though only to tlu'. (^xt(mt 
of about 3 per cent, in each of these respects. Quicklinu^ w%as 
also used in Wales at Dowlais and Ebbw Vale in 1863 ; it, was 
stated that the furnaces worked hotter and carried mor(!i hurdtm, 
with lime than with limestone, and that theri^ was a sa,vin,g of 
expensive fuel in the furnaco to the full extent of tlu^ ch(^a|) find 
used in calcining the liuio,^* 0. Schinz in 1870 also coiudinhul 
as the result of theoretical investigations that the of linu^ 
was advantageous.! 

This question has more recently boon (‘.xamiiuMl by 0. 
Oochrane,! who, in experimonts conducted wii/h Oliwidand ore> 
at the Ormesby Iron Works, found that by the substitution of 
lime for limestone the make per fmmaco was incroase.d from 
2,111 to 2,453 tons of pig iron per month, while tho cousnm])t,ion 
of coke fell from 21T9 to 17*44 cwts. per ton. Tlio w(dght of the 
waste gases is less when quicklime is used, since tins carbon 
dioxide of the limestone is eliminated in tho linni kiln. In iJui 
experiments at Ormesby when liuiostone was used thc^ wastes 
gases per ton of pig iron made amounttMl to 146 cwts., containing 
27 per cent, of carbonic oxide by weight: wliile only 1 13 cwts. 
containing 26 per dent, of carbon monoxide were productal wluui 
quicklime was employed. The materials in tho upper pari- of tlu^ 
furnace are thus exposed to the action of a smaller volunui of 
I'educing gases when lime is used, the difforenco in tlie case under 

* Percy, Iron and Steel, p. 518. 

t The Blast Furnace, p. 151. 

X Iniit, M* E,, 1888, p. 589; Inst, Journ., 1889. vol. ii., p. 388. 
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consideration being as between 39*6 cwts. of carbon naonoxide 
with limestone and 29*7 cwts. with quicklime. In the discus- 
sion whi(di followed the reading of this paper Windsor Eichards 
stated that in smelting Cleveland ironstone in large furnaces at 
Kston,^ though he Inul nob found any economy to result from the 
use oi ([uicklinie, the yield per furnace had increased about 
70 tons per weede, and it was pretty generally acknowledged that 
in small fiirnac(‘s the use ot quicklime is advantageous. 

Jn his discussion of this subject Mr. Cochrane has been careful 
to point out that there are both advantages and disadvantages in 
tlu^ iisi^ of (luicklimo.-J^ When limestone is used part of the carbon 
dioxidi^ it contains is converted into monoxide by the coke ; this 
inert‘as(‘s the activity of the reducing zone in the upper and 
eooltu* iM'giou ; this cooler region is also extended downwards 
into th<‘ furnace by tlui absorption of heat due to the reduction 
of th(‘. carbon dioxide. The period of reduction is thus extended, 
and (Juj I’e.diudiion of th('. ore is more comj)lete in the upper parts 
of th(‘ funnuui. On the other hand, when lime is used the 
volunui of the reducing zone is diminished, and the quantity of 
rcuhuung gases is less * hence more of the ironstone passes 
through tlu^ ri‘( hieing zone without being completely reduced, 
and carbon dioxi(h^ is gencx'atcd in the lower parts of the furnace. 
Sir Iv. Hell has also suggested t that the quicklime charged into 
t.he furnace is rapidly converted into carbonate by absorption of 
carbon dioxidi*, though, so far as the author is aware, this lias 
not Ijocn prov('<l by actual experiment in the blast furnace, 
while as dry lime has been shown by Veley J to be very inert, 
and th(5 time of (ixposuro in the furnace is short, it is possible 
this action is not so great as has been supposed. At all events, 
if. cannot hiad to a loss of heat, as the heat liberated by 
tln^ combination of carbon dioxide and lime would be exactly 
<'<jui valent to that rcipiiriul for the subsequent decomposition 
at a higlnu* tcm])eratur(\ Compare Bell, rrinciples, pp. 58-60. 

it would appear, therefore, that on the whole the advantages 
and disadvantages of tlui use of quicklime are pretty equally 
halanceil, and tliat, though under special circumstances, as with 
Hinall furniuuis, or wJien the (juantity of the waste gases is un- 
usually gnait, th(5 use of quicklime may be beneficial, it may be 
safely assumed tliat, as the question has been in dispute for more 
tlian half a century, find as many cases are recorded where lime 
has been abaiidomal in favour of limestone, the advantages are 
not so great as to bo likely to lead to the general adoption of 
(quicklime. 

In tlu^ latest contribution to this discussion (Iron and Steel 
Institute, Brussels Meeting, 1894) Sir L. Bell has expressed an 

♦ Inst. M. B., 1888, p. 601. 

t lUI., p. 612. 

i* Fro. Chem. Soc., 1893, p, 114. 
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opinion which very closely coincides with that just given, while 
C. Wood states that he has for years calcined limestone and 
ironstone in a kiln together with marked advantage, and C. 
Cochrane, in a lengthy contribution based on his own experi- 
ments, calls in question the correctness of some of Sir L. Bell’s 
hgures, and states that in recent years the use of lime instead 
of limestone has been adopted on a steadily-increasing scale in 
Cleveland.* 

Smelting of Puddling Cinder. — When forge or mill cinder 
is employed in the blast furnace for the production of iron, the 
resulting pig is not only rich in phosphorus, but is often white 
and hard, containing both sulphur and silicon together in quan- 
tity. In ordinaiy working it is unusual to find both sulphur 
and silicon together, but these cinders, which consist essentially 
of ferrous silicate, are very fusible, and are often not completely 
reduced in passing through the furnace. A very fusible slag is 
thus produced, and the temperature of the furnace is low ; sul- 
phur is then absorbed with the production of a white iron. 
Silicon is also more easily reduced when the silica is combined 
with a fusible base, so that the pig is unusually siliceous for 
the low temperature employed. When the cinders contain 
much manganese, as is the case in Staffordshire, the sulphur 
is more completely eliminated, and consequently Staffordshire 
cinder pig is often low in sulphur, despite the fact that gas coke 
is used. The low temj^erature of the furnace and ready fusibility 
of these cinders can, to a great extent, be remedied by the use 
of an excess of lime in the furnace burden. Tap cinder is em- 
ployed on a considerable scale for the production of “ basic pig,’^ 
i.e., pig iron specially prepared for the production’ of steel by the 
basic process, and is, on this account, recently in considerably 
increased demand. The cinder is first calcined in open heaps^ 
and is usually smelted in mixture with other materials, with 
the addition of considerable proportions of lime. Manganese 
is usually added to the charge to diminish the proportion of 
sulphur present in the pig iron, which, as it must contain but 
little silicon, would otherwise be rich in sulphur. Instead of 
adding manganese to the fuimace charge, the fluid metal may 
be afterwards desulphurised by the addition of manganoso 
(Massenez’ process), or of calcium oxy-chloride (Sanitcr’s pro- 
cess); see pp. 151, 201. 

* Inst Journ.t 1894, vol. ii., p. 62. 
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CHAPTER XL 

THE PROPERTIES OF CAST IRON. 

CxGiiGral^ PropGrtiGS. — Cast iron consists of metallic iron, to- 
gether with at least 1*5 per cent, of carbon. It also contains 
silicon, sulpbur, phosphorus, manganese, and. other elements in 
greater or less proportion, but these may be regarded as im- 
purities, though their presence is often useful or even necessary 
for the purposes for which cast iron is applied. The proportion 
of elements other than iron is usually about 7 per cent, of the 
total weight, though this varies considerably, and is sometimes 
very much more. Cast iron is fusible at a temperature of about 
1,200° C.; when cold it is hard and brittle, some varieties being 
much more so than others ; it is not malleable or ductile, like 
wrought iron or mild steel, nor can it be hardened and tempered 
like ordinary carbon steel. The iron founder distinguishes be- 
tween pig iron^ or the form in which the metal is obtained from 
the blast furnace, and cast iron^ or the form it assumes after it 
has been again melted ,* but no such difference is recognised by 
the chemist, and pig iron is merely a variety of cast iron which 
is produced in a particular form. 

Carbon in Cast Iron. — Cast iron, when fused, consists of a 
saturated, or nearly saturated, solution of carbon in iron. The 
amount of carbon which molten iron can thus dissolve is about 
3|- per cent, of its own weight, though the solubility is largely 
influenced by the presence of other elements. With much 
chromium the maximum solubility of about 12 per cent, of 
carbon is reached ; with much manganese, up to 7 per cent, of 
carbon maybe dissolved; while with about 20 per cent, of silicon 
the minimum solubility of carbon is obtained, and only about 
1 per cent, of carbon then dissolves. Apart from special alloys, 
such as those mentioned, it is very unusual to meet with less 
than 2 per cent., or more than 4*5 per cent, of carbon in cast 
iron. Whether the dissolution of carbon in iron is to be re- 
garded merely as a physical action, like that of dissolving salt 
in water ; whether it is simply an example of chemical combina- 
tion ; or a result of both physical and chemical attraction, is at 
present undetermined. It presents some resemblances to the 
union between tin and copper, where at least one, and probably 
two, definite chemical compounds can be recognised, though the 
alloys which are of practical importance consist of a definite 
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compound of tin and copper, together with an excess of copper. 
Similarly, there are observations which point to the existence of 
a definite iron carbide, or of several carbides, in cast iron, thongh 
these carbides are associated with a quantity of free iron. This 
point will be discussed at length when dealing with carbon in 
steel. 

So long as iron containing some 3 per cent, of carbon remains 
in the fluid condition, the composition is uniform throughout, 
and the carbon has no tendency to separate from the metal, 
except with very grey iron ; in this case a layer of graphite, 
which often occurs in beautiful plates, and is known as hish, may 
be formed. But when molten cast iron is cooled to a tempera- 
ture at which it begins to solidify, it may either retain the 
carbon and solidify in a relatively homogeneous form, called 
white iron j or it may, in solidifying, precipitate the greater part 
of the carbon in the form of small scales of graphite, which, 
being entangled by, and uniformly distributed through, the iron, 
impart to it a somewhat spongy nature, and produce the dark 
colour and soft character met with in go'ey iron. When about 
half of the carbon is precipitated as graphite, and the rest retained 
in combination, the result is the production of dark grey portions 
in a matrix of white, and the iron is then said to be mottled. 

The condition which the carbon assumes on the solidification 
of the mass, is dependent partly on the rate of cooling, and still 
more on the nature and quantity of the associated elements. 
In connection with the influence of cooling, cast iron obeys the 
laws which govern other solutions, for it is well known that slow 
cooling assists the production of crystals, and leads to the forma- 
tion of crystals of larger size, while with rapid cooling both 
solvent and the substance dissolved may solidify together. In 
a similar manner slow cooling tends to produce graphitic carbon, 
and the slower the cooling the larger are the flakes of graphite 
w'hich separate. Some kinds of white iron may thus be rendered 
grey by slow cooling, while some kinds of grey iron may be made 
perfectly white by rapid cooling or “chilling.” It is, however, 
only with intermediate irons that the rate of cooling produces a 
marked effect, for irons which are either very white or very grey 
cannot be changed in this manner. The influence exerted on 
the condition of the carbon by the other elements present in 
cast iron is of the greatest importance; thus manganese and 
chromium, which increase the solubility of carbon in iron, lead 
to a greater percentage of total carbon in the fluid metal, and 
when the iron solidifies this carbon is retained in solution, so 
that irons rich in manganese and chromium are white, and no 
amount of slow cooling will alter this character. On the other 
hand, silicon and aluminium diminish the solubility of carbon in 
iron ; if much of either of these elements be present in the fluid 
metal, it is capable of dissolving less carbon, and retains it with 
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less energy when it solidifies ; as a result the carbon is precipi- 
tated as graphite, and grey iron produced. Just as irons which 
contain much manganese or chromium are permanently white, 
so metal rich in silicon or aluminium is permanently grey. 

Separation of G-raphite. — That the carbon which exists in 
grey iron is in the graphitic form can be proved by many simple 
tests. Thus, if finely-divided white iron be rubbed between the 
fingers it is clean to the touch, while grey iron produces a smooth 
black coating on the skin, exactly like that due to plumbago. It 
was first shown by G. J. Snelus* that nearly pure graphite can 
be separated from grey iron by means of a magnet or by careful 
sifting ; and the author has obtained a similar result by washing 
finely-divided grey iron with water, in which the iron sinks and 
some of the graphite floats. On dissolving "white cast iron in 
dilute hydrochloric or sulphuric acid the carbon combines with 
the nascent hydrogen to form ill-smelling hydrocarbons which 
pass away with the evolved hydrogen ; if nitric acid be employed 
as solvent the combined carbon dissolves in the liquid, producing 
a deep brown colour, which forms the basis of the Eggertz test 
for combined carbon. If grey iron be treated with either of the 
three solvents above-mentioned the carbon remains in the liquid 
in the form of black flakes ; this carbonaceous matter, when 
purified from silica by treatment with hydrofluoric acid, burns 
at a red heat without leaving any residue, and exhibits all the 
other properties of graphitic carbon. In the microscopic ex- 
amination of grey cast iron also the graphite can be readily 
observed, and is then seen to be in the form of scales or particles 
which are quite distinct from the matrix in which they are 
embedded. 

Carbon in Eonndry Iron. — The proportion of total carbon 
in iron to be employed for a given purpose is often of secondary 
importance ; it is governed by furnace conditions, and by the 
proportion of other elements. A moderate alteration in total 
carbon, or in the graphite, will frequently have little efiect on 
the physical properties of the product, while a small change in 
the combined carbon will profoundly alter the strength and 
hardness of the casting. Probably no other constituent in cast 
iron is of importance equal to that of combined carbon, and the 
influence of the other elements is largely due to the effect they 
produce in increasing or diminishing the combined carbon. The 
following proportions of combined carbon will usually be found 
suitable for the purposes specified : — 

Combined Carbon. 


Extra soft siliceous grey iron, . . . 0*08 

Sofb cast iron, . . . . . . 0*15 

Maximum tensile strength, . . . . 0*47 

,, transverse „ . . . . 0*70 

,, crushing . over 1 00 
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These figures are, however, subject to some variation according 
to the size of casting, and the proportion of other elements. The 
hardness of the metal increases regularly with the increase of 
00 m billed carbon. 

Silicon in Cast Iron. — All cast iron contains silicon, in 
quantities varying in ordinary cases from under 0-5 to over 4 
per cent., while “silicon pig” is made in the blast furnace with 
from 10 to 18 per cent, of silicon. No factor is of greater im- 
portance in determining the suitability of a sample of cast iron 
for any purpose in the foundry than its content of silicon, as 
this element is so constantly present, and its proportion is so 
variable, while the influence it exerts on the condition of the 
•carbon present, and consequently on the hardness and fluidity 
of the metal, is so marked. It was formerly very generally held 
that silicon was injurious in all proportions, and the less there 
was present in iron for foundry purposes the better. It is true 
that Sefstroin had observed, long ago, “that the carbon in grey 
iron, in which much silicon exists, say from 2 per cent, to 3 per 
cent., is wholly, or nearly so, in the graphitic state.* A similar 
observation was made by Snelus in 1870, and was still more 
plainly stated by Ledebur in 1879. It was also known in the 
United States that certain irons from Ohio, which were rich in 
silicon, could be used as “softeners” in foundry practice, and 
certain Scotch irons were in favour for similar purposes, though 
tlie reason of this was not understood. It may, however, be 
claimed that no general application of these facts, or accurate 
knowledge of the principles underlying them, existed before the 
researches of the author on the “Influence of Silicon on the 
Properties of Oast Iron,” published in 1885.t For the purpose 
of these experiments cast iron as free as possible from silicon was 
specially prepared by heating wrought iron with charcoal to a 
high temperature in closed crucibles. This was then remelted 
with a silicon pig containing about 10 per cent, of silicon in 
proportions necessary to yield any desired composition. The 
trials were made with sufficient material to allow of proper 
mechanical tests being performed, and a graduated series of 
mixtures was prepared. The tensile, compression, and ductility 
tests were performed by Professor A. B. W. Kennedy with the 
testing machine at University College, London, while the hard- 
ness determinations were performed by the author with a 
weighted diamond point, as desciubed in his paper on the 
“ Hardness of Metals.” J The chemical analyses were checked 
by J. P. Walton, at that time chemist to the Glasgow Iron 
Gompany, Wishaw. 

The original pure cast iron was white, hard, and brittle ; on 

* Percy, p. l.Sl. 

t Journ. Chem. Soc., 1SS5. pp. 577, 902. 

Z Birm. PhiL Soc., Dec., 1886. 
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* This number is rather low, as the specimen afterwards proved to he somewhat faulty. 

t The value in this case is probably exceptionally high ; a crushing strength of about ^ tons might be anticipated from its position in the series. 
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adding silicon this became grey, soft, and strong ; but with a 
large excess of silicon it once more became weak and hard. The 
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45, 46, and it will be observed that the proportions of silicon 
corresponding to the various properties were as follows : — 


Maximum hardness, 

Crushing strength, . . . . 

Modulus of elasticity, 

'Density, in mass, , . . . 

Conihiiied crushing and tensile 1 
strength ; transverse strength, J 
Tensile strength, . . . . 

Softn(‘.ss and working qualities, 
Lowest combined carbon, 


under 0*80 per cent, 
about 0 'SO ,, 

DOO „ 

I'OO „ 

1-40 „ 

1- SO „ 

2- 50 „ 

under 5-00 ,, 


It TTinst bo borne in iniud that these values are only true for 
the autni.)r’H oxp(iriinonts. Experience has since proved that 
theses are approximately correct in other cases, and that the order 
is as above givtni, but in practice the size of the casting and the 



KlUcon por cent. 

Fig. 46. — Influonco of silicon on the hardness of cast iron. 


proportion of other elements will have an important influence. 
These matters are dealt with briefly in the author^s papers on 
the ‘^Oou.stitiK'ntsof Oast rron”"^ or ‘‘Scientific Iron Founding,”! 
and in Chapter Xll, of the present volume. 

SiHoon in Foundry Practice. — Shortly after the author's 
experiments on the influonco of silicon on the properties of cast 
iron were published, the question was re-investigated by W. J, 
Ke^cp, of Detroit, Mich., who employed the system of testing 
which he originated, known as “Keep’s tests," and which will 
afterwards be described. This most careful and experienced 
foundry manager confirmed the accuracy of the author’s con- 
clusions, and pointed out that a white iron frequently does not 
give sound castings, and the blowholes lead to lower specific 
gravity and diminished sbrcmgth. A small addition of silicon 
elimitjabes blowholes and produces sound castings. As soon as 
the metal is sound, with the least graphite, the greatest crushing 

* Inst Journ.y 1886, vol. i. 

t /S. jSiaJ» ImLf March, 1887- 
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strength is obtained; this condition also gives the maximum 
density. Further addition of silicon leads to the formation 
of graphite, diminishes the brittleness, and gives the greatest 
transverse and tensile strength. When the graphite increases 
beyond this point the metal is divided by the interspersed 
graphitic material, and the strength and hardness decrease. 
The deflection also increases with the increase of graphite, but 
when the maximum separation of graphite has taken place any 
further addition of silicon causes stiffness or brittleness, and so 
diminishes the deflection. White iron shrinks during solidifying 
more than grey iron, while highly siliceous iron shrinks still 
more than white. Hence, on adding silicon to white iron the 
shrinkage is diminished, but an excess of silicon, on the other 
hand, leads to increased shrinkage. Shrinkage appears to closly 
follow the hardness of cast iron, hard irons almost invariably 
shrinking most, and as both hardness and shrinkage depend 
upon the proportion of combined carbon they may be regulated 
by a suitable addition of silicon.* * * § 

Economical Us© of Silicon. — In the author’s early experi- 
ments silicon was added in the form of ferro-silicon containing 
about 10 per cent, of silicon, as this was the most convenient 
method of procedure. But when the same principles came to 
be applied on the large scale it was found that ferro-silicon was 
too expensive, and other irons were, therefore, substituted. In 
Scotland the author used a 5 per cent, iron from the West of 
Scotland, and in the Midlands a 4*5 per cent, from Northampton- 
shire; while in Cleveland 0. Wood employed a 4*5 per cent. 
Cleveland pig. On the other hand, in France F. Gautier used 
ferro-silicon, and the relative advantages of the two methods 
gave rise to considerable discussion on the Continent and in 
America. W. J. Keep showed in a paper on “ Ferro-silicon and 
Economy in its use ” t that in America there was no commercial 
advantage in the use of rich ferro-silicon, while H. Paul also- 
stated that in Germany, especially in the eastern divisions of 
the Empire, ferro-silicon cannot be used economically, as the 
foundry pig iron of Silesia can be obtained with as much as 
5 per cent, of silicon at a low price, X and experiments conducted 
by Jiingst have led to the same conclusion.§ 

The practical application of silicon in the iron foundry is due 
chiefly to C. Wood, of Middlesbrough, who was working in this 
direction with J. E. Stead in 1885, when the author’s experiments 
on the subject were published, and who himself contributed an 
important paper on “The Value of Silicon Pig to the Iron- 

* Amer. Inst. Min, JEng., 1888. 

f Ibid., Oct., 1888. 

t Inst. Jonrn.y 1887, vol. ii., p. 298. 

§ See article “Employment of Ferro-silicon,’’ Colliery GuardiaUj vok 
Ixiii., p. 740. 
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founder at the Glasgow meeting of the Iron, and Steel Institute 
a few months afterwards. This was succeeded by a paper by 
F. Gautier on ‘‘ Silicon in Foundry Iron,” at the next spring 
meeting, when it was shown that in France a ver}^ considerable 
application of these facts had already been made. It is perhaps 
not too much to claim that the author’s experiments laid the 
basis for the introduction of those scientific methods of iron- 
founding, which have since been largely adopted throughout the 
civilised world. 

Condition of Silicon in Cast Iron. — Silicon, like carbon, is 
known to exist in two, if not in three, allotropic conditions, and 
it has been asserted by various observers that in cast iron silicon 
exists sometimes in the amorphous or combined condition, while 
at other times it separates in the form of scales corresponding to 
graphitic carbon. Wohler is stated to have separated graphitic 
silicon from cast iron,"^ and a similar result was said to have 
been obtained by K Fichter,t and by Dr. Percy.J On the other 
hand, G. J. Snelus,§ though able to separate graphitic carbon 
from grey cast iron by sitting, failed to separate graphitic silicon, 
•while Morton 1 1 and Dr. Tiiden,1I by other methods, also failed 
to isolate silicon in the graphitic state. The black scales sepa- 
rated by Eiichter were shown by Hahn** to be most probably 
iron silicide (FeSig), while, through the kindness of Dr. Percy, 
the author had the" opportunity of examining the specimen upon 
which this eminent metallurgist’s opinion was based, and it was 
proved that the black scales really consisted of graphitic carbon. 
The question has been considered at length by A. E. J ordan 
and the author, tt and, as a result of the careful analyses of a 
number of samples containing up to 10*3 per cent, of silicon, it 
was concluded that, in all the specimens examined, no proof of 
the existence of graphitic silicon was found, and it is now 
generally acknowledged by metallurgists that graphitic silicon 
does not occur in cast iron. There is still, however, much un- 
certainty as to the cause of the ‘‘ blazed ” or “ glazed ” appearance 
of iron containing upwards of 4 per cent, of silicon. With about 
this percentage some samples are perfectly grey and soft, while 
others of precisely the same ultimate chemical composition are 
glazed and brittle, and it is suggested that this difference is due 
to some variation in the condition of the silicon, though there is 
at present little known as to the probable nature of this supposed 
variation. 

It has been shown by Mulhaeuser, and also by Moissan, that 


* Jahreshericht, 1857, vol. iii., p. 8. f Berg. u. Hutt. 1862, p. 289. 
X Iron and Steel, p. 164. § Inst. Journ., 1870, p. 28. 

II Chem. Neios, vol. xxix., p. 107. IT Birm. Phil. Soc., vol. hi., p. 203. 

** Ann. Chem. u. Pharm., vol. cxxix., p. 57. 

XX Joum. Chem. Soc., vol. xlix., p. 215. 

XX Jouni. Chem. Soc., vol. Ixvi., II., p. 42. 
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silicon and carbon coinbiiio ■vvlu'U strongly ht'iitcnl, to form ik 
silicon carbide, with the formula Hi(i. 'I'hiH cavhith^ in also 
obtained by heating iron silicido in tlio (*h‘t*tric furniioi' with 
excess of silicon, and forms colourI(‘ss crystals, which act |'owor- 
fully on polarised light, and whitdi arc nut aflVctcd by ordinary- 
acids, or by heating to redness in air or oxygon. 'Fin* earhido 
can also be obtaimul as an amorphous, colourless powder, which 
is slowly oxiilised when heated in air. Dilfcrimt observers have 
noticed peculiar colourhiss or m^arly colotirless cryntals whtm 
viewing microscopic sections of iron and stcud, ami, hdlowing 
Sorby, liave regarded those as crystallim^ fornm of Hilict)n. The 
composition of these crystals is, howevt^r, as yet tnuitdcnnincHl, 
and they are more likely to be a silicitlo of carbon or of iron 
than silicon itself. 

Distribution of Silicon.— An iuter(‘Hting M^vlm of t'xpc'ri- 
ments on the variations in tlio silicon pt‘rc(‘ntagt?H of ddrenmt 
samjjles of pig iron from the same cast luiH beem more recently 
made by H. Eubricius {J, C. /., 1804, p. 880), wlio pruntn out 
that the proportion of silicon is usually lowest in that part of tho 
metal which is nearest to the bottom of ilui Inmrth >Ahib^ (laid 
in the blast furnace. The iron which is near(‘st to the slag hole, 
on the other hand, is richer in silicon, the dillbrenca being in 
some cases as much as 1 pcT c(mt. Sulpljnr and phosphoruM do 
not vary in the same manner; tln^ n-sult in the product being 
that silicon varies somewhat from pig to pig, being generally 
lowest in the first pigs cast, and JdglieHt in thoiitj wiiitdi arc 
produced at the end of a tapping: sulphur, on the other hand, 
varies in didcrent parts of the same pig, an shown by Btead (sao 
p. 202); while phosphorus is g<moraIly much more uniformly 
distributed. The following tigures arc given by Eubricius 


Pkroentaoes of Silicon in Same TAPriNo, 
FuoM Below Uiwahdh. 


No. of Test. 

1 

(Bottom). 

2. 

8. 

4. 

6. 

e. 

7 

O'fp). 

MiiJtiitmm 

DUtonjuoi. 

1, . . 

1M3 

1-15 

M5 

1*19 

1-33 

140 

1*42 

‘29 

2, . . 

1*38 

1 -44 

145 

1-00 

1(53 

172 

179 

4i 

3, f 

1*15 

1*34 

143 

1*57 

217 

2*18 

2*20 

1*05 

4, . . 

1'49 

1-50 

1-54 

1*C() 

1*82 

1*84 

1*88 

•30 

5, . . 

1-93 

'2*09 

2 13 

245 

270 

272 

278 

•81 

6, . 

1-81 

1-83 

1 84 

l-HB 

1*89 

2-1(5 

2-20 

•30 

7, . . 

8, . . 

2'72 

2-74 

277 

2-79 

2-B5 

2*88 

2 -89 

•17 

2 ’46 

2*48 

2-50 

2*53 

2-54 

2-58 

2*00 

44 


Aluminium,— -A Uliougb in many early analyses of oast iron 
aluminium is stated to have been present, and various patents 



THIS PEOPERTIES OF CAST IRON. 


199 


have been granted for the reduction of aluminium in the blast 
furnace from aluminous materials, it is now generally accepted 
that at most merely the slightest trace of metallic aluminium is 
so reduccid, and passes into the iron. The analyses previously 
mentioned were, tliereforc, incorrect, and the patents worthless. 
Ferro-aluminiums containing 5, 10, 20, or other percentages of 
aluminium, ani prepared by melting the materials in crucibles, 
or by the use of tlio electric furnace; they can now be regularly 
purchased, of unhbrni composition, and are employed for steel 
melting to give soundness to the ingot, and in the foundry to 
produce soft, giay castings. Ferro-alu minium has a close-grained, 
grey fracture, and is not appreciably harder than the iron from 
which it is prc'pared. In the foundry its inlliience is almost 
precisely same as that of silicon, except that its action is 
much more (uuu'ge-tic, only Od per cent., or even less, remaining 
in the product, being suillcient to render the metal soft and 
grey. The use of aluminium for foundry purposes has been 
caref\illy studied by W. J. Kcep,"^ who states that the addition 
of aluminium increases the proportion of graphitic carbon, and 
80 diminish(?s the tendency to chill; it also diminishes the 
shrinkage and increases the strength, especially as regards resist- 
ance to impact. The soundness and density of the castings are 
also improved. In spite of these advantages, however, alum- 
inium has only met with a limited application in the foundry 
for the following reasons 

L The cost is increased, as the necessary softness can also 
be obtained by means of silicon without any additional expense. 

2. The amount of alumiuiuxn required is so small, and its 
effect so marked, that the presence of rather more oxygen than 
U8\tal in the metal may lead to great irregularities in the product, 
as little or no aluminium may remain in the castings. 

3. Metal containing aluminium is less fluid than ordinary cast 
iron, and as it flows through the mould appears to have a skin 
upon its surface which prevents its filling the crevices. This 
surface tension causes the metal to solidify in large spherical 
drops, and whore two currents of fluid metal meet in the mould 
they are apt to form <‘cohl shuts,” or fail to unite. 

4. The surface skin is apt to break away in the form of scum, 
and to form irregular patch t^s on the surface of the castings. 

It must also be reuicunbered that it is only to white n‘on, or 
other metal low in silicoxx, that aluminium can be added with 
advantage; as in other cases, where the quantity of graphite is 
already largo, the addition of aluminium only leads to a further 
separation of gx’aphito, and the consequent weakening of the 
metal. According to Keep, it is better to add aluminium in the 
metallic form in the ladle and to pour the fluid cast iron upon 
it, as when ferro-alu minium is used it is apt to float to the top 
* InsL Amer, Min. Mug., 1890, 
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of tlie metal and become covered with a crust which prevents 
their fusion and admixture. The general correctness of Keep^s 
observations on the influence of aluminium on cast iron have been 
confirmed by Borsig and Ledebur, who point out the marked 
difference in the action of aluminium when added to cast iron 
and to steel respectively.* 

Sulpliur. — The presence of sulphur in cast iron tends to cause 
the carbon to assume the combined form, and thus to produce 
hard, weak, and brittle metal. Such iron is also unsuitable for 
puddling and for steel making, so that hitherto sulphur has been 
regarded as a specially objectionable element. Foundry iron 
of good quality should not contain more than 0*15 per cent, 
of sulphur. 

Of the sulphur which is charged into the blast furnace as an 
impurity in the fuel, ore, or limestone the greater part passes 
into the slag, or is eliminated in the furnace gases, and it is 
estimated that in ordinary Cleveland practice, when producing 
grey iron, quite nineteen-twentieths of the sulphur is thus 
removed. The amount absorbed by the iron varies according 
to the furnace conditions, low temperatures and acid slags 
leading to the absorption of sulphur, and, as the silicon is also 
low, to the pi’oduction of white iron. On the other hand, high 
temperatures and slags rich in lime and of high melting point, 
lead to the elimination of sulphur. Temperature is thus of the 
very greatest importance in determining the proportion of sulphur 
in a sample of pig iron. In addition, however, to the conditions 
of furnace working, there is another circumstance which largely 
afiects the content of sulphur, namely, the composition of the 
resulting pig iron itself. It is known that, in the act of solidifying, 
grey iron rich in sulphur frequently becomes covered with pro- 
tuberances, which consist either of sulphide of iron or of iron 
abnormally rich in sulphur. These curious exuded portions have 
been examined and described by Sir F. Abel, A. Ledebur, the 
author, and others, and appear to be connected with the composi- 
tion of the mass of the metal. The author has shown that in a 
specially-prepared specimen which contained 10 per cent, of 
silicon and 10 per cent, of sulphur, the material separated into 
two distinct layers when remelted, the greater part of the silicon 
being found at the bottom, while the sulphur collected chiefly at 
the top.f 

It thus appears that, under ordinary conditions, it is not 
possible to have more than a few tenths per cent, of sulphur in 
a sample of cast iron which also contains upwards of 3 per cent, 
of silicon. This fact has led W. J. Keep, in a paper on “Sulphur 
in Cast Iron,” J to contend that sulphur does not produce white- 
ness in cast iron in ordinary foundry practice. The author’s 

♦ Inst. Journ., 1894, p. 737. t Jhid., 1888, vol. i., p. 28. 

t Amer. Inst Min. £fng., Aug., 1893. 
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experiments have, however, led him to strongly support the 
common view, that sulphur does lead to the production of com- 
bined carbon in pig iron, and the conclusions of Mx\ Keep are 
probably only correct in cases where a considerable proportion 
of silicon is |)rc'sent, and where, consequently, little sulphur can 
be absorbed, while the effect of that which is so taken up is 
counteracted by the silicon present. In irons which contain 
less silicon, and where the equilibrium of the carbon is more 
easily affected, the addition of only 0*05 per cent, of sulphur may 
quite spoil the metal for special purposes on account of the 
increased combined carbon, and consequently greater hardness 
and brittleness. 

But while the presence of silicon causes the incomplete expul- 
sion of sulj)hur in the form of iron sulphide, which is extruded 
as above described, manganese leads to the much more perfect 
removal of sulphur, which is eliminated in the form of mangan- 
ous sul[)hide (MnS) ; this floats to the surface of the molten 
iron, and forms part of the slag which collects at the top of the 
metal. This fact, which has been long observed, forms the basis 
■of the process of sulphur elimination recently patented by 
Massenez, in which manganese is added to molten iron rich in 
sulphur, which is thus puiificd and rendered suitable for the 
use of the steel maker (see p. 251). 

Bemoval of Sulphur by Alkalies. — Reference has already 
been made, when discussing the reactions of the blast furnace, 
to the partial elimination of sulphur in molten iron, due to the 
presence of a basic or alkaline slag. It was shown by Ball and 
Wingliam**** that the addition of about 10 per cent, of potassium 
cyanide to molten iron containing 0*46 per cent, of sulphur, 
eliminated practically the whole of this olDjectionable element. 
The volatility and poisonous character of the cyanide would 
prevent such a process from being practically applied, so other 
experiments were tried, in the course of which it was proved 
that sodium carbonate alone diminished the sulphur, though not 
to less than 0T5 per cent., while the addition of 2 per cent, of 
.a mixture of equal quantities of sodium carbonate and potassium 
cyanide eliminated all but 0-06 per cent, of sulphur. These 
experiments, though throwing light on the removal of sulphui', 
and proving the importance of a fluid basic substance, did not 
lead to commercial results. The solution of the problem was 
supplied by E. H. Saniter,t who employed quicklime, to which 
was added crude calcium chloride, obtained as a bye- product 
from certain chemical works, in order to produce a mixture 
which would be cheap, basic, and readily fusible. The process 
has been successfully employed on a considerable scale, especially 
for the purification of iron to be used for the basic process. As 
this iron is low in silicon it is apt to be sulphury unless man- 

* Imt. Joum., 1892, vol. i., p. 102. t Ihid.^ 1892, vol. ii., p. 216. 
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gane.se be present, but, by the sul>s(*quont trisitnuMit by 
process, iron may bo employed which has be(ui matb^ witlunit 
special additions of mauganeso ore iu tlui furnace, and ih uh 
cinder pig and similar materials Ixuiomii availahl(^ lor steel 
making. Saniter’s process has been stmlieil iudtdail and favour 
ably reported upon by Stead, and also by Siudus.* 

Distribution of Sulphur in Cast Iron. It is iiuporiant to 
observe that the sulphur present in pig iron is <)ft<m irrt‘gnlarly 
distributed through tb(5 mass, as this fact accounts for some <)f 
the discrepancies obs(u-vod in analyses. Tims .). Addie*, of Lang 
loan, observed that certain })igs which had a pt'culiar aj)pt*arane(> 
in the centre, contained more sulphur in that portion, and the 
sulphury part did not extend more than 3 inclaw iu the. hmgth 
of the pigjt ^ind tho author lias observed s[)aJjgl(‘H of a pt‘ac'ock 
hue in tlie centre and upper portions of a samph* of pig iron 
selected by H. Pilkington, and these spangles wore v(‘ry rich iu 
sulphur. The question has been more recumtly (‘xainitud by 
J. K Stead,]: who took drillings from various parts of two pig 
irons — one a basic iron containing ratlu'.r mon^ than 2 pen' ctmt. 
of manganese, and the other a Juematib^ iron containing but 
little manganese. In the (irst case tho sulphur was in largt'st pro- 
portion in the upper and outer |)arts of the pig, as east, whil(» tluj 
bottom part contained less than half of tlu^ proportion of sulphur 
occurring in tln^ top corners of tho pig. In th<^ ha*malai,e iron, 
on the other hand, an almost exactly opposite (diect was obscu'vcxi, 
as the sulphur was concentrated mon^ in tlui middh^ of the 
sample, while the bottom and sides containe<l in round numbtu'8 
only half as much sulphur as was found in the c(Uitr(L 
Phospliorus in Cast Iron.—Tho phosphorus which is f>ro« 
sent in cast iron exists in tho forxu of pboHj)ln(le, and is iu giH‘at 
part eliminated with the excess of hydrog(‘n as phosphon^tted 
hydrogen, when the metal is treated with diluted sulphuric or 
hydrochloric acid. For many pxirposea, such as the manufacture 
of steel by either of the acid processes, or thc^ production of 
wrought iron for conversion into tool ste(d, it is of prime im- 
portance that tho pr()})ortion of phosphorus sliould Im as low « 
possible, and tho maximum limit for such purposes is O'OO per 
cent. It was formerly held that foundry iron should also l»o 
free from phosphorus, but tho author has shown tliat cast irons 
of special strength always contain a moderfitcj proportion of this 
element. If a largo i)rop()rtion of phosphorus be pnment, such 
as from 2 to 5 per cent., tho metal is very fluid wIhsu imdtecli 
and takes an excellent impixission of the mould. On this 
account suclx iron is sometimes employed for the pxTKluction of 
very fine thin castings, but it cannot bo us(k 1 for any purpose 

* InftL Journ., 1893, vob i., pp, 67, 77. 

+ Kohn, Iron Manufacture, p. 34. 

X Inst, Journ,, 1893, vol. i., p. 72. 
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where strength is required, as the presence of so much phos- 
phorus induces great brittleness. The brittleness caused by 
phosphorUvS is so marked that a practical man can often approxi- 
mately tell the percentage of phosphorus by the readiness with 
which the pig iron fractures when dropped on the pig breaker. 
On the other hand, grey pig iron containing merely a trace of 
phosphorus, such as that from the best lisematite or magnetite 
ores, is so soft and malleable as to be somewhat wanting in 
strength and soundness, and hence gives inferior results for 
rolls, columns, girders, and other purposes for which strength is 
necessary. In exceptional cases it is advantageous to have the 
phosphorus as low as 0’2 per cent, in cast iron, but it is doubtful 
whether there is ever any advantage in going below this limit. 
For ordinary strong castings of good quality about 0-55 per cent, 
of phosphorus gives excellent results, and this proportion is 
about the same as that found in Staffordshire All Mine and 
other similar irons which have in times past been held in such 
high reputation for foundry purposes. For the general run of 
foundry practice, whei'e fluidity and softness is of more import- 
ance than strength, from 1 to 1*5 per cent, of phosphorus may 
be allowed, but beyond this higher limit, which is that of Cleve- 
land iron, the further addition of phosphorus causes such marked 
brittleness as to lead to marked deterioration. 

Phosphorus appears to have but little effect on the condition 
of the carbon in pig. It is true that common cinder pigs, rich 
in phosphorus, are often white, but this is accounted for by the 
composition of the metal in other respects, and in ordinary irons 
there is no reason to believe that phosphorus leads to the pro- 
duction of combined carbon. It does, however, lead to the 
metal becoming slightly harder, as phosphorus induces hardness 
'per sCy and also diminishes the dark grey colour of the fracture, 
which is so characteristic of foundry irons of special quality, and 
leads to the pi’oduction of a greyer or more earthy appearance.* 

Pkospliorus in Foundry Practice. — The influence of phos- 
phorus on. cast iron has been carefully studied by W. J. Keep,! 
who prepared a phosphide of iron containing about 10 per cent, 
of phosphorus by melting wrought-iron drillings with red phos- 
phorus. Several grey and white irons were also selected, in 
which other elements were, as far as possible, constant, while 
the phosphorus varied. 

In this way series of tests were made with metal which was 
either white or grey as desired. These experiments led to the 
conclusion that phosphorus exerts no influence in changing com- 
bined carbon to graphite, or vice versd; it does, however, lessen 
the tendency to form blowholes, and causes the metal to remain 
fluid longer when melted, but does not make the molten metal 

* Compare Kjellberg, vol. xii., p. 604. 

t Amer. hint. Min. ^ng., Oct., 1889. 


204 : 


THE METALLURGY OF IRON AND STEEL. 


SO limpid as lias been supposed. Though the phosphorus does 
not alter the quantity of combined carbon, or the greyness of 
the iron, it leads to the production of a lighter colour, and in 
each phosphorus series, in these experiments, the colour became 
lighter 'with every addition of phosphorus. It also lessens the 
shrinkage and prolongs the period of fluidity. Probably no 
element, of itself, weakens cast iron so muclx as phosphorus, 
especially 'when present in large quantities ; yet, with less than 
1 per cent., its influence in this direction is not sufficiently 
great to counterbalance its other beneficial effects. In conclu- 
sion, Mr. Keep supports the view advanced by the author that, 
in ordinary foundry practice, phosphorus is beneficial, but adds, 
that usually “from 0*5 to 1 per cent, will do all that can be 
done in a beneficial way, and that all above that amount weakens 
the iron without corresponding benefit. It is not necessary to 
search for phosphorus, most irons contain more than is needed, 
and the care should be to keep it within limits.” 

Manganese. — The proportion of manganese which is met with 
in iron produced in the blast furnace ranges from a mere trace 
to upwards of 86 per cent., and, speaking generally, the higher 
the percentage of manganese the more valuable is the product, 
on account of the use of this element by the steel-maker. The 
physical properties of cast iron are not greatly altered so long as 
the manganese present does not much exceed 1 per cent., and 
larger proportions may be present in siliceous iron without pro- 
ducing the appearance in the fracture which is so characteristic 
of manganese. When about 1*5 per cent, of manganese is present 
the iron is very appreciably harder to the tool, and is more 
suitable for smooth or polished surfaces. But when the amount 
of silicon is relatively small, and the manganese exceeds 1 *5 per 
cent., a 'white iron is obtained with a glistening fracture showing 
flat crystalline plates, which, when very marked, leads to the 
application of the name “ spiegel-eisen ” or mirror iron, and which 
is too hard to be cut by cast-steel tools. Spiegel-eisen contains up 
to 20 per cent, of manganese, but with higher proportions the 
grain becomes once again uniformly close and granular, and a 
material is obtained which exhibits a characteristic light grey 
colour, and which is so brittle that it may be readily pounded in 
an iron mortar. To these varieties the term “ferro-manganese” 
is applied j while for some purposes an iron rich in both silicon 
and manganese, containing, for example, 10 per cent, of silicon 
and 20 per cent, of manganese, is produced, and is known as 
“ silicon-spiegel ” or “silicon ferro-manganese.” 

From the examination of the tests conducted at Woolwich in 
1858,* and numerous analyses of selected samples of cast iron of 
special strength, the author concluded that the presence of some 
manganese was rather beneficial than otherwise in foundry 
* Report^ Cast Iron Experiments, 1858 . 
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practice, though probably any benefit ceases when the propor- 
tion of manganese is much greater than 1 per cent.* The good 
effect of manganese appears to be twofold; by its own action it 
leads directly to a measure of hardness and closeness of grain 
-which is beneficial, while indirectly it; is useful in preyeuting 
the absorption of sulphur during re-melting. 

The subject has been carefully studied by W. J. Keep,t 
states that the addition of manganese to cast iron renders ib less 
plastic, and consequently more brittle ; it also increases the 
shrinkage during cooling, though the effect of manganese can, 
to a great extent, be neutralised by the addition of silicon. Mr. 
Keep states that in some of bis experiments an increase of 1 per 
cent, of manganese led to an increase of hardness of about 40 per 
cent., and this hardness appeared to be due to the action of the 
manganese itself, and not to an indirect effect caused through an 
alteration in the amount of the combined carbon. 

The effect of manganese when alone is thus always to harden 
cast iron, and yet cases have come xinder the author’s notice in 
which in actual practice ferro-manganese has been added in small 
quantity to molten metal in a foundry ladle, with the result that 
the iron has been very much softened and improved. The reason 
for this doubtless lies in the fact that manganese counteracts the 
effect of sulphur and silicon, tending to eliminate the former and 
neutralise the latter, and so, where common iron is employed, it 
sometimes happens that ferro-manganese may be used as a 
softener. The hardness, however, generally returns if the iron 
be remelted, as the manganese is oxidised and more sulphur 
absorbed. 

Manganese has in this way been employed as a softener by 
A. E. Outerbridge, who, in a paper on the relation between the 
physical and chemical properties of cast iron, states that a re- 
markable effect is produced on the properties of hard cast iron 
by adding to the molten metal, a moment before pouring it into 
the mould, a small quantity of powdered ferro-manganese, say 
1 lb. of the latter to 600 lbs. of cast iron. As a result of several 
hundred carefully conducted experiments this writer states that 
the transverse strength was increased 30 per cent, the shrinkage 
and depth of chill decreased about 25 per cent, while the com- 
bined carbon was diminished by about one-half. I These ob- 
servations accord with those made at Smethwick by the author, 
though in all probability their success depends, as above 
explained, on the peculiar composition of the cast iron used. 

Chrommm in Cast Iron. — Chromium was discovered by 
Yauquelin in 1798. It does not occur native, but has been met 
with in meteoric iron, and is not uncommonly present in small 

* JnsL Joum., 1886, voL i., p. 185. 

t Inst. Min. 18ii2. 

X Trans. Franklin Inst., Feb., 1888. 
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quantities in ordinary iron ores, from which it passes into the 
resulting pig iron. In a number of samples of pig iron from 
various sources in the United Kingdom, J. E. Stead* found a 
maximum of 0*12 per cent, of chromium in a sample from Hol- 
well, while the minimum was 0*008 from Forest of Dean hema- 
tite pig. The influence of such small quantities of the element 
on the properties of the pig iron is probably negligible. Chro- 
mium is eliminated during the puddling process, and passes into 
the cinder; Stead found that a sample of pig iron which 
contained 0*057 per cent, of chromium yielded a puddled bar 
with only 0*004 per cent., while the cinder contained 0*290 per 
cent. Chromium is also oxidised in steel making, though to a 
smaller extent. In the basic Bessemer process a sample of pig 
iron, which contained 0*035 per cent, of chromium, yielded a 
steel with 0*018 per cent., while the chromium in the slag 
increased from 0*038 to 0*1 per cent. 

For special purposes rich alloys of iron and chromium, known 
as “ ferro-cbromes,’^ are specially prepared, and these contain up 
to 84 per cent, of chromium. The commercial source of these 
alloys is chrome iron ore, and alloys containing from 40 to 70 
per cent, of chromium are prepared by reducing the ore in 
crucibles, while ferro-chromes containing up to 40 per cent, are 
produced in the blast furnace by the use of rich ores, high tem- 
peratures, and very hot high-pressure blast. The fuel used is 
coke, and tbe weight of fuel employed is about three times as 
much as is needed with ordinary iron. The ore contains about 
50 per cent, of chromic oxide (Or^O^), and as this is very infusible 
special fluxes are added, such as fluorspar, alkaline carbonates, 
and borax. 

In order to obtain fluid ferro-chrome the reduction of the 
oxide must be as nearly as possible complete, for if only 5 per 
cent, of oxide of chromium is present in the slag, the metal is 
not sufficiently fluid to flow from the furnace, and the slag is 
then usually of a yellowish-brown colour. In the production of 
ferro-silicon and ferro-manganese, on the other hand, the slag 
always retains a considerable quantity of silicon or of manganese 
in the oxidised condition. 

Though ferro-chrome is more refractory than ordinary cast 
iron, it is very fluid when well melted; it does not scintillate 
like ordinary iron, but runs ^^dead,"' and very rapidly solidifies. 
Chromium increases the solubility of carbon in iron in a remark- 
able manner, as much as 12 per cent, of carbon being sometimes 
met with in chrome pig, and the whole of this is in the com- 
bined form. Chromium, therefore, renders iron hard, white, 
and brittle, behaving in an exactly opposite manner to silicon 
or aluminium. Chromium also does not confer soundness in 
foundry work like the elements just named, and despite the 
ImU Joum., 1893, vol. i., p. 168. 
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high touiperature employed in its production, ferro-chrome may 
contain_ relatively large proportions of sulphur. Ferro-chroines 
containing up to 30 per cent, of chromium are readily attracted 
by the magncd-, but with more chromium the magnetic properties 
become less marked, and with high chromium, together with 
much carbon, the metal is not attracted by the magnet except 
wlien 111 ^ the form of fine powder. The fracture of low ferro- 
chrome, if rapidly cooled, closely resembles that of spiegel-eisen; 
but with much chromium a very characteristic appearance is 
developed, the chief peculiarity being a marked acicular (ie 
needle-shaped) structure.* Behrens and Van Linge have shown 
that ferro-chromium, when etched with an acid, yields non- 
magnetic, bayonet-shaped crystals, which have a hardness of 7*5, 
and which consist of chromium ferro-carbide. f H. Moissan has 
also prepared carbides of chromium, which are stated to be 
harder than quartz. J As the exceptional hardness of ferro- 
chromium is due to the formation of these crystals of carbide, the 
hardness is greater as the carbon and chromium increase. 

Ferro-chrome is unsuitable for ordinary foundry purposes, and 
can only be used in the forge in mixture with other irons, as 
when much chromium is- present it is oxidised early in the 
puddling process, and renders the slag highly refractory. This 
causes the slag to thicken, and by adhering to tlie iron in sub- 
set U('nt operations, produces a variety of red -shortness and a 
dirty iron. According to E. Riley, the presence of a small 
quantity of chromium in puddled bar does not appear to have 
any marked influence on its physical properties. 

The following analyses of ferro-chromes, which are stated to 
have been produced in the blast furnace at Boucau, and to con- 
tain an average of 0*06 per cent, of i)hosphorus and only 0 01 
of sulphur, are introduced to illustrate the manner in which 
the ptu'ceutage of carbon increases with the proportion of chro- 
mium : — 



1. 

2. 

3. 

4. 

5. 

6. 

7, 

Chromium, 

44-80 

61-10 

55-50 

57-96 

60-35 

63-10 

65-20 

Iron, . 

Carbon, 

45-00 

39-10 

34-20 

30-35 

28-10 

25-38 

21-90 

8-50 

8-75 

9*10 

9 38 

9-55 

10 05 

11-80 

Silicon, 

*40 

•32 

•56 

-45 

•60 

•40 

•38 

Manganese, 

•40 

•40 

-35 

•50 

•45 

*42 

•38 


Vanadium invariably accompanies chromium in pig iron, and 
is present usually to the extent of not more than 0*2 per cent.|| 

* K. A. Hadfield, Inst. Journ.^ 1892, vol. ii., p. 49. 
t Journ. Chem. Soc., 1894, vol. iii., p. 452. X Ihid.^ p. 453. 

§ Imt. Jourii., 1891, vol. i., p. 364. 

See E. Riley, Journ. Chem. Soc.^ vol. xvii., p. 21. 
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Its action has not been accurately determined, but it appears to 
resemble phosphorus in some of its properties, and is usually 
present in the slag from the basic process.* As it occurs in 
small quantities, and is removed by oxidation like chromium, it 
is probable that the proportion usually met with is not injurious 
to iron for forge, foundry, or steel-making purposes. 

Reduction of Titanium. — In the blast furnace only a portion 
of the titanium which is present in the charge is reduced and 
passes into the iron. In this respect titanium resembles silicon 
and white pig irons, which contain little silicon, are free from 
titanium, while the largest proportion of titanium is found in 
very grey irons. Titanic ores are much more difficult to smelt 
than siliceous ores, owing to the infusible nature of titanic 
slags. According to A. J. Rossi, f however, the choice of fluxes 
determines the successful treatment of titaniferous ores. This 
writer gives the following analysis of an ore used in Norway, 
and of the slag produced when smelting this ore, to prove that 
with suitable fluxes even large proportions of titanic oxide can 
be smelted in the blast furnace : — 



Ore. 

Slag. 

Ferrous oxide, 

30*00 1 

1*86 

B'erric oxide, 

18-59 / 

Silica, 

5*70 

27*83 

Titanic anhydride, 

39-20 

36 18 

Lime, . 


24*36 

Alumina, 

2-89 

t 

9'18 


In this case all the titanium was fluxed into the slag, except 
some 1 per cent, which was reduced and passed into the iron : 
there was, therefore, no trouble with scaffolding, as is so often 
the case with titaniferous ores. 


A curious compound is frequently met with in the bears of 
furnace smelting ores which contain a small proportion of ti- 
tanium. It is known as cyanO'Tiiiride of titanium.^ and occurs in 
small cubes which have a metallic lustre and bright red colour, 
so that the compound in appearance almost exactly resemblea 
bright metallic copper. It was first examined by Wollaston in 
1822, and an analysis by Wohler gave the following result : — J 


Titanium, 

Kitrogen, 

Carbon, 

Graphite, 


77*26 

18*30 

3*64 

0*92 


100 T2 


* Stead, Inst Jotirn., 1887, vol. i., p. 222 ; 1893, vol. i., p. 170. 
t List. Journ., 1890, vol. u., p. 748. X Percy, Iron and Steel, pp. 163, 610. 
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The proportion of titanium which is met with in ordinary cast 
iron is generally small, and it is doubtful if it exerts any injurious 
effect even when in sufficient quantity to be recognised by the 
difference in the appearance of the fracture. 

A sample of grey pig iron produced at Earl Dudley’s furnaces 
with an ore mixture containing titanium was recently presented 
to the author, by Eoberts. This sample, the fracture of 
which is shown in Fig. 47, showed the peculiar black mottled 



Pig. 47. — Fracture of pig iron containing titanium. 


fracture which is so characteristic of titanium ; an analysis by 
H. Silvester gave the following values : — 


^ , \ Graphite, 

Carbon | Combined, 

Silicon, . 

Sulphur, 
Phosphorus, . 
Manganese, . 
Titanium, 


3*273 

•347 

1-580 

•048 

•106 

•724 

•280 


From this analysis it is evident that the characteristic fracture 
is observed with a relatively small quantity of titanium ; the 
tenacity, hardness, and other properties appear, however, to be 
unaltered, and in the proportions which are usually met with, 
such as the above, no other characteristic physical effect due to 
titanium can be detected. E. Eiley has paid special attention 
to the analyses of titanic iron, and has recorded the composition 
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nations samples.* The cause of the curious black mottled 
fcure of titanic cast iron is not well understood, though it 
3 ars to be connected with the separation of a titanium carbide, 
^as pointed out by E. Riley t that the graphite separated from 
which contained titanium always yielded titanic acid when 
aed ; while more recently P. W. Shinier has isolated a carbide 
itanium which occurs in pig iron in the forms of minute 
}s; these are not soluble in hydrochloric acid, but dissolve 
itric acid, and consist of TiO ; they can be separated from 
residue insoluble in hydrochloric acid by very careful 
[ling.J 

; has been observed by T. W. Hogg§ that crystals of cyano- 
ide of titanium occur in rich ferro-manganese. These crystals 
obtained by careful washing of the insoluble residue left on 
olving the ferro-manganese in an acid : they are so small 
i some hundreds of thousands of them occur in a cubic inch 
jrro-manganese, and yet their total weight is only some 0*02 
cent, of that of the original metal. The author has had an 
Drtunity of examining Hogg’s preparations of these re- 
kable crystals, which certainly have all the appearance of 
10 -nitride of titanium, and which were met with in every 
pie of rich ferro-manganese examined. It is, however, very 
robable in view of what is known of the influence of titanium, 
the small quantities present in ferro-manganese exert any 
eptible eflfect in its commercial applications, 
csenic. — Many iron ores contain small propoi'tions of arsenic, 
ih if present in quantity as sulphide or oxide would be 
sly expelled by calcination. Arsenic and phosphorus, how- 
possess many points of resemblance, one of them being that 
e both elements are volatile, each is capable pf entering into 
bination with oxygen to form compounds which are fixed at 
high temperatures. It has already been pointed out that 
;phorus exists in iron ores as phosphate of lime, and that the 
le of the phosphorus usually passes into the pig iron. It is 
lable also that some of the arsenic exists as arsenate, and it 
in this form is not eliminated by calcination, but is reduced 
he blast furnace and is found in the cast iron produced, 
□gh the whole of the arsenic thus charged into the furnace is 
^ced, the proportion is generally small, seldom exceeding ()*1 
cent., and its influence on the properties of the cast iron is 
Bwhat similar in character, though much less marked in 
*ee than that of phosphorus. According to Pattinson and 
d arsenic exists in iron as an arsenide which is insoluble in 
ted acids, and so produces an effect analogous to that of 
on in sott steel. These experimenters also state that arsenic 

?ercy, p. 551 ; Journ, 

^oc. ciL X 

?. A, Report, 1893, p. 


Chem. Soc., vol. xv., p. 311 ; vol. xvi., p. 387. 
Imt Joum., 1887, vol. i., p. 401. 
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is not eliminated in puddling or in steel-making, either by the 
acid or the basic process."^ 

G-radiixg of Pig Iron. — For commercial purposes pig iron is 
classified or ‘‘graded'’ according to the appearance of the frac- 
tured surface, the first member of the series being taken as the 
most open-grained grey iron, while white iron is taken at the 
other extremity. 

There are two systems in use in the United Kingdom. The 
Staffordshire method is still employed for “All-Mine” iron, 



[B'ig. 4S. Fractures of Nos. 1, 2, 4, and white Northampton pig iron. 

which is graded from 1 to 8, or occasionally from 1 to 10, the 
higber number being, as before explained, white iron. This 
method is now not much used, the oue in most general favour 
being that adopted in Cleveland and the other chief centres of 
tb.e iron trade ; it is as follows : — 

Ko. 1. 

No. 2. 

No. a 

No. 4, foundry. 

This method of grading is illustrated in Fig. 48, in which are 
sliown Nos. 1, 2, 4, and white Northampton pig iron. 

* Jnst. Journ., 1888, vol. i., p. 171. 


No. 4, forge. 

Mottled. 

White. 



212 THE METALLURGY OF IRON AND STEEL. 

The upper left-hand sample, which is coarsest in the grain, m 
No 1, and the upper right-hand sample, No. 2, while the lower 
left- and right-hand samples are No. 4, and white respectively. 

The following analyses, collected from various sources, show 
that, as a general rule, in passing from No. 1 tlirough the senes 
to white iron, the combined carbon and the sulphur regularly 
increase, while the silicon at the same time steadily diminishos. 
These differences are often not so marked in haplias^ard analyses, 
hut with a series of carefully-selected samples, preparcul under 
as nearly as possible the same conditions, the rule above given 
will be found to be very generally correct 


Haematite Pig Iron (O'. B, JRidsdale). 



No. 1. 

No. 2. 

No. 8. 

Forgo. 

Mottled. 

Carbon, graphitic, . 

3*52 

340 

3-10 

2'3() 

2-16 

„ combined, . 

•18 

•25 

•36 

•79 

1*05 

Silicon, . 

2-S5 

2*60 

2-08 

1-35 

1-10 

Sulphur,. 

•03 

•04 

•05 

•28 

*48 

Phosphorus, . 

•03 

•03 

•03 

•04 

•04 

Manganese, . 

1-31 

1-24 

1-09 

•36 

•33 

Copper, . 

•11 

•10 

•10 

•11 

*11 


Cleveland Pig Iron (0. B. Bidsdale). 



No. 1. 

No. 2. 

No. 3. 

Forgo. 

Mottlod. 

White. 

Carbon, graphitic, 

3-20 

316 

3-16 

2-72 

1‘84 


„ combined, 

trace 

•20 

48 

•08 

1-25 

3 ‘05 

Silicon, 

3'50 

2 90 

2f)9 

1'93 

l-Ol 

•67 

Sulphur, 

•05 

•06 

•08 

•10 

•32 

•40 

Phosphorus, 

1-67 

1-69 

1-57 

1-55 

1-57 

1-60 

Manganese, 

•68 

•62 

•60 



•75 

•62 

'42 


Stafeordshire All-Mine (Cold Blast) Pig Iron (A. M. Tucker), 



No. 1. 

No. 2. 

No. 3. 

No. 4. 

No. 6. 

No. 5a, 

No. 6. 

White. 

Carbon, graphitic, 

3-30 

2-68 

2-55 

2-14 

1*90 

1-25 

•55 

•20 

„ combined. 

•40 

45 

•40 

•50 

•56 

1*10 

1-70 

2 00 

Silicon, 

1*88 

1 72 

1-9-2 

1*33 

•97 

109 

•89 

•71 

Sulphur, 

•02 

•04 

•07 

•09 

■12 

•17 i 

•16 

•19 

Phosphorus, 

•71 

•68 

•52 

•66 

•51 

•56 i 

•48 

•47* 

Manganese, . 

•40 

•54 

•40 

•25 

•52 

•36 

•46 

•50 
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Fobfst of Dean Hasmatite {Pattinson aiid Stead). 



ITo.L 

JTo. 2. 

2fo. 3. 

Xo. 4. 

Mottled.- 

WMte. 

Carbon, graphitic, 

3*897 

3*660 

3-020 

2 '865 

2*375 1 

0-S35 

,, combined, 

•395 

•570 

1*075 

1-065 

1-310 

2*387 

Silicon, 

1*073 

•975 1 

*587 

*728 

! -401 i 

•305 

Sulphur, 

•Oil 

*022 i 

*050 

•050 

' -063 1 

•093 

Phosphorus, 

*070 

•064 j 

•059 

•069 

- -066 

-06F 

Manganese, 

•217 

•123 j 

*202 

•173 

j -115 

•145 


The above analyses appear to have been made from a specially 
selected series of samples; the author has had a number of 
opportunities of analysing the foundry irons made at the same 
works, and has invariably found less combined carbon and more 
silicon than is given in the analyses above quoted All the 
Forest of Dean samples contained a trace of copper. 


Feodingham-Lincolnshiee (through Prof. P. H. Smith). 



No. 1. 

No. 2. 

No. 4. 

No. 5. 

Mottled. 

Wliite. 

Carbon, graphitic, 

2-121 

2*782 

2-727 

2-100 

1*240 

•802 

„ combined, 

•162 

•330 

*494 

•750 

1*350 

1*500 

Silicon, 

2-750 

2*400 

1*500 

1*026 

•681 

•300 

Sulphur, 

•02.3 

*037 

•024 

•059 

*075 ; 

•100 

Phosphorus, 

1*284 

1*396 

1-340 

* 1*350 

I'm 

1-273 

Manganese, 

1*886 

1*931 

1-720 

j 1*325 

1*250 

1-100 


Grading of American Pig Iron. — In the southern parts of 
the United States the following method of grading pig iron into 
nine numbers was adopted in 1889.* 


1. iN'o. 1 Foundry. 

2. No. 2 Foundry. 

3. No. 3 Foundry. 


4. No. 1 Soft. 

5. No. 2 Soft. 

6. Silver grey. 


7. Grey Forge, 

8. Mottled. 

9. White. 


Of these the Nos. 1, 2, and 3 foundry, grey forge, mottled, 
and white resemble similar numbers in the United Kingdom, 
while Nos. 1 and 2 soft, and silver grey, are siliceous irons, which 
are more carefully graded in America than is usual in this 
country. The following analyses, published by G. U Luetscher, 
of the pig iron made from the ore of Ked Mountain, Alabama, 
will serve to illustrate the composition of the different grades of 
southern iron : — 


♦ Iron Age, voL xUL, p. 498. 
t Inst. Joum., 1891, voL ii., p. 245. 
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Grapliitic carbon, 
Combined carbon, 
Silicon, 

Sulphur, 
Phosphorus, 
Manganese, . 


Silver 

Grey. 

1 

6 

525 

No. 1 Soft. 

No. 1 
Foundry. 

1 No. 2 
! Foundry. 

No. 3 
Foundry. 

i>. 

e 

o 

i 

1 

1 

3*13 

3*48 

3*53 

3-49 

3*55 

3-48 

3 '00 

211 

•10 

02 

•03 

•03 

•07 

•07 

•10 

•57 

1 1*22 

2 '92 

5*5 

3-5 

3-75 

315 

2-40 

2-20 

1-50 

1 1-35 

*95 

trace 

•004 

•005 

•005 

•024 

•025 

•06 

•125 

•30 

•68 

•68 

•68 

•68 

•68 

•64 

•64 

•64 

•64 

•25 

•26 

•27 

*25 

•22 

•21 

•19 

•14 

•10 


It will he observed that the silicon regularly decreases, with 
one slight exception, from 5*5 per cent, with silver grey, to 0*1)5 
per cent, with white iron. At the same time the sulphur and 
combined carbon increase together from mere traces in silver- 
grey iron to 0*3 per cent, of sulphur, and nearly 3 per cent, of 
combined carbon in white iron. The phosphorus is slightly 
lower with the closer . grades. These diiferences are exactly 
such as are noticed with similar grades in the United King- 
dom, the most noticeable difference being the remarkably small 
quantities of sulphur met with in the open-grade American 
iron. That American foundry irons have an unusually low 
percentage of sulphur is a fact which is supported by the results 
of numerous analysts, and which has not yet been satisfactorily 
explained. 

Special Irons. — The following analyses of three carefully- 
selecbed series of irons are by T. E. Holgate, of Darwen,* who 
has had sjjecial experience in the production of ferro-silicon, 
ferro-manganese, and silicon-spiegel. The last is used chiefly in 
the production of steel castings : — 


Ferro-Silicon Series. 


In, which carbon and manganese decrease with the rise in silicon. 


Silicon, 

8-54 

10-18 

14-00 

16*13 . 

17'80 

Manganese, 

3 25 

2*16 

1-95 

2*29 

1-07 

Sulphur, . 

•064 

•055 

•078 

■030 

•041 

Phosphorus, 

•047 

•104 

•076 

•090 

•115 

Carhon, graphitic, 

2-40 

1-70 

1*20 

•62 

•55 

,, combined, . 

•14 

•11 

•23 

•;i5 

•11 

,, total, . 

2*54 

181 

1-43 

•97 

•66 


S. Stafi, Insty 1888. 
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Ferro-Manganese Series. 

Showing the increase of carhon with high manganese. In these samples 
the carbon is almost wholly in the combined form. 


Manganese, . 

8*11 

19*74: 

41*82 

53-32 

71 -32 

80 04 

87*92 

Silicon, . 

•no 

'52 

'42 

•46 

1 12 

•97 

•53 

Phosphorus, . 

•080 

•078 

'100 

•110 

•162 

•175 

•155 

Carbon, . 

4-27 

4*78 

5*63 

6*25 

6*17 

6-53 

6*31 

Copper, . 





•33 

•13 

•23 

Iron, 

87"40 

74*75 

51*90 

39**80 

20 65 

12*10 

4*75 


99-970 

90*868 

99-870 

99-940 

99 752 

99-945 

99*895 


Siltcon-Spieqels. 


In those samples the carbon is somewhat higher than in the corresponding 
foiTo-silicons, and partly in the grajdiitic form. 


Silicon, 

10*74 

12*60 

14*19 

15 94 

Manganese, . 

19 64 

19*74 

22-98 

24*36 

Phosphorus,. 

•074 

•080 

•095 

•085 

Carbon, graphitic, 

•33 

•67 

1-13 

•90 

,, combined, 

1*85 

•98 

•29 

•30 


2*18 

1*65 

1*42 

1*20 

Iron, . 

67-56 

66*10 

61*60 

58-30 


100*194 

100-17 

100*285 

99-885 



CHAPTEE XII. 

FOUNDRY PRACTICK 

A CONSIDERABLE proportion of the pig iron which is annually 
produced is used by the iron founder for the purposes of his art. 
The application of cast iron for this purpose in England dates 
from the reign of Elizabeth, since which period ironfounding 
has steadily gained in volume and importance. It has been 
sometimes suggested that cast iron was in danger of being super- 
seded by wrought iron or steel, and though since about 1850 
the use of cast iron has been gradually abandoned for construc- 
tive purposes, so many other applications have been found for 
this material that the art of the founder is in no danger of 
extinction or even of serious diminution. Cast iron is the 
cheapest and most abundant form in which the metal is met 
with in commerce : it is fusible at a temperature which can be 
readily attained, and as it receives remarkably exact and clean 
impressions of a mould, it can he cheaply produced, even in 
very intricate forms. Its tensile strength, varying from an 
average of about 7 tons per square inch in common castings, 
to upwards of 15 tons with special mixtures, is ample for many 
purposes 3 its crushing strength is greater than that of any other 
material, reaching a maximum of about 100 tons per square 
inch. Being protected by a skin, cast iron resists atmospheric 
influences better than either wrought iron or steel ; while for 
the wearing surfaces of machinery nothing is superior to cast 
iron on cast iron so long as suflBcient area is provided. 

Castings are much more easily and cheaply produced than 
forgings, so that the latter are only employed where special 
requirements of strength or ductility render their adoption 
necessary ; while, as compared with steel castings, the advan- 
tages of cast iron for ordinary uses include not only the cheap- 
ness of the original material, but also the diminished cost in 
preparation of the moulds, the smaller loss in casting, and in 
the saving of expense and time required for annealing, which is 
necessary with steel but not for cast iron. Iron castings can 
thus be prepared to meet a pressing emergency, while their fine 
surfe,ces, sharp edges, and pleasing appearance recommend them 
for general use. It is probable, therefore, that while the greater 
strength of steel will lead to its extended application in the 
future, this will not result in the exclusion of cast iron,* 

* J. Head, Inst, M, R, 1886, p. 325. 
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Foundry Mixtures. — In tlie production of car wheels, of 
malleable castings, and for other special purposes, it is not 
unusual to employ but one brand of iron, merely mixing two 
or more grades of the same iron to give the required hardness. 
In such cases the greater part of the charge consists of a grade 
of iron similar to that which is desired in the casting, while a 
smaller quantity of a softer iron is added to counteract the 
hardening effect due to melting and to the admixture of foundry 
scrap. But in general foundry work it is preferable to employ 
a mixture of different brands of pig iron obtained from several 
localities. This causes the regularity of the work to be less 
dependent on the continuity of the supply of any particular 
iron, while it has a farther advantage in that, if mixing is 
intelligently performed, very often a better result is obtained 
than when a single brand of iron is used. The reason of this 
is connected with the fact that irons from any particular locality 
have special characteristics; thus Northamptonshire pig contains 
3 to 4 per cent, of silicon. North Staffordshire pig about 2 percent, 
of manganese, and Cleveland iron T6 per cent, of phosphorus, 
while haematite iron contains little or no phosphorus. There is 
no advantage in mixing different irons, unless the mixtures are 
so arranged that each brand of iron used supplies what would 
otherwise be deficient in the casting. It must be borne in mind 
that “ pure cast iron/' or iron containing merely some 3 per 
cent, of carbon, is quite unsuitable for foundry use, but that 
silicon, and to a smaller extent manganese, phosphorus, and 
probably sulphur, act beneficially when present in suitable 
quantities, though the proportion of these elements, which may 
with advantage be allowed, varies with the purpose for which 
the mixture is required Pure cast iron is white, hard, and 
brittle ; it is thick when melted, and takes hut a poor impres- 
sion of the mould, while the castings are often full of blowholes. 
The addition of silicon converts this into a fluid iron, which fills 
every crevice of the mould, and which, on solidifying, is soft to 
the tool and free from blowholes ; if too much silicon be added, 
however, the metal becomes brittle and somewhat hard. Iron 
which contains only silicon and carbon, though suited for some 
purposes, is not so close-grained as that which also contains 
some phosphorus and manganese, and its tenacity is deficient, 
though, again, excess of either of these elements leads to brittle- 
ness. It is evident, from these considerations, that foundry 
mixtures should be made with a due knowledge of the composi- 
tion of the iron used, and of the most suitable mixture for the 
particular purpose in view. 

In 1846-47 R Stephenson conducted some experiments in con- 
nection with the erection of the high-level bridge at Newcastle- 
on-Tyne. The object was to determine, by the transverse strength 
of the product, the most suitable mixture of cast iron for the 
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construction of thcs g'inlors of tho bridge. Among the conclu- 
sions arrived at wen^ tho following : 

1. That simple samples did not run so solul as inixtures ; 
further, that they are sometimes too hard and Homeiimes too 
soft for practical purposes. 

2. Tliat mixtures of hot and cold blast togc^tlnn* gave a bt'tier 
result than (uther separately; though hot hiasi iron alone was 
not much inferior to cold blast iroti alone. 

For a detailed account of tho foundry mixtun^s employtHi in 
the United Kingdom at this period, tho Rt^poH oj thfs C/tonaiiV" 
sioners on Iron for Railway ^tructnreB^ 1849, p. 418, should bo 
consulted ; in "this report particulars of the proportions t)f 
different brands of iron used by various manufacturers for pro- 
ducing both large and small castings are given, atul t'xtu^pi where 
scientific knowledge has been applied in tho foundry, tho pro- 
cedure is still much the same as in 1849. 

Considerable importance was formerly attacluHl to tho source 
of the iron, the ores employed, and the tomp<!^rature of the bltM. 
It is now, however, generally recognised that these conditions are 
merely equivalent to certain chemical and physical propc^rtiem, and 
so long as these properties are obtained, the stagem whiedi have 
led up to the desired result are not in themsedve^s important.^ 

Special Mixtures.— Numerous proposals hav(^ Imhui ma<Io 
from time to tiim^ for improving tlm stremgth of (^ast iron, tho 
materials to bo added for this purpose bedng of a most varied 
character, and ranging from tin to tohacu’.o juice*. h\nv of tlnmo are 
of any importance, bufc tho following are worthy of mention : - 

Price (& Nicholson’s process (Eng. Pat., 2,615, 1855) conHisted 
in the use of refinery metal, or liard white cast iron low in 
silicon, produced in the refinery, in mixture with other irons, 
for the production of castings of special strength. The objiict 
was to lower the percentage of silicon in the product, while the 
proportion of carbon was unaltered. The process was, therefore, 
only of us© with metal which originally oontaiiuMl too much 
silicon ; in other cases the admixture, instead of being beneficial, 
was actually injurious. Some excellent results were ol)ta,int*d 
by this invention ; but the introduction of Bessemer metal hxl 
to the abandonment of Ihdce Nicholson’s process. 

Stirling’s Toughened Cast Iron.t-^The late J. IX M» 

* Interesting articles on “Cast Iron for Meohanioal PumoMs*’ (with 
numerous analyses), have been written by Ed. Deny (/tm, fSHH, vol. ii, 
p 42); on “44i6 Chemistry of Poundry Iron,” by C, A. Melaaiw {/rw, 
1888, vol ii., p. 548) ; ami on “The Constitution of Cast Iron,” by Dudley 
and Pease [Amer. 1ml. Min. Eng,, Feb., 1880»7). 

tFor fuller details, see Patent 11,262, 1846, “Toughened Cast Iron,** 
&c. Report of the ComminmnnerH on Iron for Railway 1840, m 

415, et 8f’q^ IneL C\ ft'., 1851-2, vol xi., p. 238; 1859, voL xvlil. p. Sw. 
InM. M. E., 1853, p. 19 (an important paper by Btirllug hiiiMulf), W. 
Fairbairn, Application of Jr on to Building Pitrpomu^ 1857-8, p. 68. T. 
Box, Strength of JUlutericUSf 18bS, pp. 202, 503, &o. 
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Stirling took out four patents in all, botwoen the years 1846 and 
1851 inclusive. 'J'hey all referred either to metals or metallic 
alloys, and geruu'ally do not a})pear to have Ikmui much applied. 
In the first patent, however, taken out in 1846, a very important 
method for th<^ production of ‘‘ toughened cast iron'^ is mentioned. 
Thus in the speeiheation, p. 8, it is stated: ^‘Ifor certain pur- 
poses, such as shaftings . . . where a metal possessing 
greatm- tenacity or strength tlian ordinary cast iron is required, 
and where it is an object to vary tlu^ degriui of hardness, I made 
a mixtun^ of wrought and cast iron. ... I melt cast iron 
, . . and add to it . . . a quantity of malleable iron 

less tlian the weight of the cast iron. . . . This mixture is 

afterwards to be n* nmliiMl as convenient. . . . And 1 would 

remark that cold blast iron will napiire a smaller addition of 
wrought iron than hot blast iron ; but 1 lind that th(i addition 
of (int'-iliird to ouedlfth of wrought iron to answer w<41 in the 
generality of cast's wIuuh^ incrt:ased strength, toughness, and 
it'iiacity are n‘([uired." Similar (‘xptu'iments were conducted 
about the same time by Liliiti of JVI anclu^ster, and greatly 
increastHi stn'iigth was obtaintul ; but the trials wore abandoned 
whtm Stirling took out Ids paitmt. 

The advautagt^ of this proct^ss is no doubt connected with the 
fact that many foundry irons contain too much silicon, and sorntD- 
tiines, also, too much phosphorus and manganese, to give a satis- 
fad^ory casting ; whiles, by the addition of a propiir quantity of 
wrought iron a suitabhs chemical composition is obtained. 
Stirling, how<n‘er, did not understand the true reasons under- 
lying his procc^HH, but thought it depended on tlie reduction in 
the perctmtag(^ of tuirbon due to the addition of wrought iron. 
JMo analyw'H were [mhlished in connection with these experi- 
menis, luit it was known that hard irons were deteriorated by 
the uddititm of wrought iron, and that with soft inms there was 
a definiU* limit, luwoml which any further addition was injurious. 
This is illustraU'd by the results of some experiments given 
below, in which diihnxmt pr()p<H‘tiouH of wrought iron were added 
to a sample of cast iron, and tln^ greatest improvement was 
ol war vtid with about 30 per ci'iit. of wrought-iron scrap. 


Iron. 

Wrought Iron. 

TmuHvoran 

Inuwmao por oout. 

100 

10 

224 

100 

20 

314 

100 

30 

(K) 

100 

40 

33 


As to the method of applying this process, it was recom- 
mended that the mixture should bo made at the blast furnace, 
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by placiag the metal in the moulds into wliioh tl.o umllen cast 
iron was to be run. The malleable iron wa.s thus liriuly (ixad, 
and when remelted in the cupola a uniform product was pro- 
duced. It is stated that wrought iron gavo bett<u- n^su ts wi.cn 
somewhat rusty, and roasting was aometiimw promot.ul by pre- 
viously adding salt water or diluted hydrochlone acid. 1 he 
product appears to have been subjected to ri^orouH RUJi iui partial 
tests, and to have yielded very satisfactory ri^Hults. I ou^i^lununl 
oast iron met with considerable application durin^ijf the Idtd.une 
of Stirling, among the larger works for which it was (uuploycul 
being Chelsea, Yarmouth, and Windsor Bridgi^s, and Manclu^st.tU' 
Viaduct. In the latter case Stirling staters that tln^ couiractorg 
for the heavy castings, by being allowed to reiluce tht^ Hc.aiitliugH 
in proportion to the increased strength, were (uiabled to j)rofit« 
ably fulfil their contract, wliereas had tlioy omploytsl common 
iron, they would have been heavy losers. The uh(^ of wrought 
iron scrap in the foundry has not mot with tlu^ goiu'ral apjilica- 
tion which was at one time anticipated, partly on account of tlie 
special care and experience which arc micessary in ordt^r to 
obtain a satisfactory result, and more particularly bcuiaust^ of 
the introduction of steel for foundry aad otluu' purposi's whtme 
greater strength is desirable. It was, howovi^r, fonnm’ly a well 
known trick in the foundry when an inspemtor was at hand, and 
a specially-strong test bar was nooded, to introdii<!(^ a hajHlliil of 
wroiight-iron turnings into the ladle from which the I)ar was to 
be cast. For special pur[)oses also, wrought iron or slisd scrap 
still meets with considerable application. In (hn-many tmpola 
furnaces have been introduced, which arc) S[){Hhally for 

the melting of wrouglit-iron scrap with conunou siliecous pig 
iron,^ 

In America also, S, M. Carpenter ])atented (173,1^9, IH7B) 
the use of steel for strengthening cast iron, and 1). VV(‘Ht has 
given directions for the proper use of stead scrap, remiarking 
that it must not be understood tliat the more stisol or wrought 
iron is mixed with cast iron the strongc^r it will he, for tlmro In 
a limit to the percentage which should h(^ employigl, and this 
limit greatly depends on what gradi^s of stead and cast iron are 
mixed together.! In 1885 the author HUggc^stenl tlu^ uhci of 
wrought iron or steel scrap with iron rich in silicon, as hoing 
cheap and convenient in many cases, J arnl F. (huitinr «uhso- 
quently experimented in this direction, showing tliat with 1 pari 
of ferro-silicon, which contained about 10 per cemk Hilicon, 
3 parts of wrought iron or steed scrap might \m mnployed ; tho 
resulting castings showed very remarkahh^ toughnimH and 
-ance to shock, combined with soundness, sortness, and a cloga* 

* Inat. Journ., 1882, vol. ii,, p. 784. 

t American Machinist SOth May, 1SB5, p. 5. 

t «/". S, (7. vol. V., p. 293. 
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grained, grey fracture.’^ In the discussion which followed the 
reading of this paper, Sir H, Bessemer mentioned experiments 
in which he had obtained very satisfactory results by mixing 

2 parts of fiuid-decarburised iron and 1 part of grey iron, the 
castings being used for railway crossings and for stamp heads 
for quartz crushing. 

Soft Mixtures. — For a large number of foundry purposes, 
the^ chief properties which are desired in the iron are easy 
fusibility, perfect admixture, fluidity, and the property of pro- 
ducing soft, grey castings with good surfaces, which exactly 
reproduce the impressions of the mould, and which do not chill 
even in the thinnest parts. To obtain such a result, relatively 
cheap mixtures can be employed, which should contain about 

3 to 3’ 5 per cent, of silicon, about 1 per cent, of phosphorus, not 
more than 1 per cent, of manganese, and as little sulphur and 
combined carbon as possible. The elements other than carbon 
should thus amount to from about 4 to 5 per cent., and of these 
the greater part should be silicon. Such a mixture, though 
somewhat deficient in strength, is in other respects an ideal 
iron, on account of its fluidity and softness, while it possesses 
the additional advantage that it allows of the use of a consider- 
able proportion of foundry scrap. 

Bemelting. — The pigs of iron as received at the foundry, if 
not already broken, are fractured, usually into two pieces ; for 
this purpose hydraulic breakers are very convenient, and are 
becoming much more generally used. The pigs when broken 
can be more readily handled, and can be classified according to 
the appearance of the fracture. The metal is then melted in 
one of the three following furnaces : — 

1. The Crucible (or Pot) Furnace is not unfrequently employed 
in the malleable cast iron trade, and in other cases where the 
quantity required is small, and the metal relatively expensive. 
Crucibles are also convenient for experimental tests or original 
investigations. The crucibles used are generally of clay, while 
coke is the fuel employed, and the arrangement of the melting 
house resembles that adopted for the production of crucible steel. 
Melting in crucibles is so expensive that it is only adopted where 
special reasons render this method preferable. 

2. The Reverberatory (or Air) Furnace is employed where 
special quality or uniformity is required, as in the manufacture 
of chilled rolls. The furnace is a large reverberatory ; the chief 
peculiarity is that the roof instead of being straight, as usual, 
is curved somewhat sharply downwards from near the fire bridge 
to near the flue end. This reduces the space in the melting 
part, and directs the flame upon the metal. The bottom of the 
furnace is of sand, the fuel used is coal, and a reducing (or smoky) 
flame is continually maintained, so as to diminish the change by 

* Inst, Journ.y 1888, vol. L, p. 58. 
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oxidation during re-melting to a minimum. Each furnace is 
sufficiently large to allow of several tons being melted at once. 
The advantage of this method of melting is that a clean iron is 
obtained, which differs but little from that originally charged 
into the furnace, while the metal can be retained in the fluid 
state until it has been tested, and any necessary additions can 
then be made j great uniformity is thus secured, but the air 
furnace is not suited for general foundry work, as melting is 
performed but slowly, while the consumption of fuel is relatively 
high. 

3. The Cupola is in by far the most general use for remelting 
iron. A cupola is a small blast furnace, of which there are 
many varieties employed ; they are generally circular in section, 
and are driven with low-pressure blast at, or near, the atmo- 
spheric temperature. The fuel used is generally hard coke, 
though occasionally gaseous fuel or charcoal is employed. 
Usually the melted metal collects at the bottom of the cupola, 
and is tapped off at intervals ; in some cases separate receivers 
are adopted. 

When coke is used the fuel consumption varies from about 1 J 
to 2| cwts. per ton of iron melted, being greater with small out- 
puts on account of the loss due to heating the cupola with each 
charge. A small quantity of limestone is usually added, as it 
ffuxes off the silica added in the form of sand adhering to the 
pigs, or produced by the partial oxidation of the silicon in the 
iron ; it combines with the ash of the coke, and also diminishes 
the amount of sulphur which is absorbed from the coke by the 
iron. 

The blast, which is not heated, is driven by means of a fan, or 
more usually by a Roots’ blower, the pressure being only a few 
ounces per square inch. In the ordinary form of cupola the 
blast is introduced through one or more twyers in a single row 
around the zone of fusion. In Ireland’s cupola, which was intro- 
duced about 1860, two rows of twyers are employed, and the 
cupola is provided with boshes like a blast-furnace. The object 
of the upper row of twyers is to ensure more complete combustion 
of the carbonic oxide, which otherwise passes through the charge 
unburned. This form of cupola has been largely used, and is 
sketched and described by Kohn.**^ In the Greiner and Erpf 
cupola, which has met with much favour in Germany, there is a 
circle of five or six twyers around the melting zone, while there 
are also about twelve to eighteen smaller twyers, each about 
one inch in diameter, which are placed around the furnace in 
spiral form.t M. Ham^lius has also employed cupolas with 
three rows of twyers at different heights, the top row being 
placed in an oblique plane so as to embrace a greater volume 

* Iron and Steel Manufacture, p. 52. 

Inst. Journ., 1887, vol. ii., p. 296. 
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ol the cupola, and a larger mass of the charge.'^ In some cases 
the air for combustion, instead of being forced in under pressure, 
is aspirated by means of a steam jet arranged in a tube or 
chimney connected with the cupola. The Woodward cupola, 
introduced about 1860, was of this type, and was employed by 
a number of firms of repute in the United Kingdom ; it has 
been, sketched and fully described by Kohn (p. 53). More 
recently the Herbertz cupola, which is of the same class, has met 
with much favour in Germany, though it has not been success- 
fully introduced into the United Kingdom. When the steam- 
jet cupola was first introduced, it was claimed that there was an 
extraordinary economy of fuel and working expenses by melting 
in this way. These anticipations have not been realivsed, but it 



Fig. 49. — Stewart’s “Rapid” cupola. 


is stated that the iron obtained in steam- jet cupolas is softer and 
cleaner than usual. In a paper on cupolas for melting iron, M. 
A. Gouvy has described a number of forms which are in actual 
use, and has tabulated the details of thirty-three difierent cupolas, 
chiefly German.! This writer concludes that the use of hot 
blast, the replacement of forced draught either hy natural 
draught or by the use of aspirators, and the injection of fuel 
either through the twyers or otherwise, do not appear to have 
led to any considerable economy; he further states that hitherto 
the best results have been obtained with cupolas with several 
rows of twyers, of which the Greiner and Erpf may he taken as 
example. 

* Imt. Jowrn.^ 1887, voL ii., p. 296. 
t IbiiL, p. 294. 
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Stewart’s “Eapid” cupola, which is shown in Fig. 49, may be 
regarded as a type of the form in use in many foundries in the 
United Kingdom. It is driven with forced draught in the 
ordinary way, but is provided with a double row of twyers, 
and with a separate receiver, into which the metal runs as it is 
melted. The author has obtained very good results when using 
this cupola. J. Biley has introduced a cupola for mmelting 
iron for the Siemens process, in which the fuel used is producer 
gas ; the advantages claimed for this form is that a clean pure 
metal is obtained, while the combustion is under more complete 
control.* 

Influence of Remelting. — It is observed that when cast 
iron is remelted it becomes harder and more close in texture ; 
if the metal operated be soft the casting is stronger than the 
original iron, but when hard iron is used it becomes still harder, 
and weak, like ordinary foundry scrap. There has long been 
an impression that remelting improves cast iron, but that this 
is not so is proved by melting the metal in a carefully covered 
crucible, where no change in composition takes place, and the 
properties of the iron are unaltered. In some experiments by 
Sir W. Fairbairn,t a sample of Ko. 3 Eglinton grey iron was re- 
melted in an air furnace 18 times, test bars being cast at each 
melting, and it was found that the iron improved up to the 
twelfth melting and afterwards rapidly deteriorated. Other 
experiments were performed shortly afterwards, in connection 
with the manufacture of cast-iron ordnance, in which marked 
improvement was noticed on remelting cast iron and keeping 
it for a longer or shorter period in a state of fusion. No ex- 
planation of these effects was given, but the experiments were 
referred to in numerous text-books, and led to the belief 
that remelting per se was beneficial, though it was observed 
that the number of remeltings required to produce the best 
effect varied largely with different samples. 

Some analyses of Sir W. Fairbairn’s samples were made 
by Professor Calvert, but these analyses only made the matter- 
less intelligible, and some doubts, which the result amply 
justified, as to correctness of these analyses were expressed 
by Snelus and others. By the kindness of Professor Unwin, 
who assisted in Sir "W. Fairbairn’s experiments, the author 
was supplied, more than thirty years after the tests were 
made, with samples of the test bars, and was enabled by their 
analysis to clear up some of the difficulties which had sur- 
rounded the subject. J The results of the author’s analyses, 
were as follows : — 

* Imt. Journ, 1885, vol. ii. 

t B. A, Beportj 1853, p. 87. 

X Journ. Chem. Soc., vol. xliv., 1886, p. 493. 
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No. of Melting, 

Total 

Carbon. 

Combined. 

Silicon. 

Sulphur, 

Man- 

gancso. 

Phos- 

phorus 

1, . . . 

2*(>7 

0*25 

4 •22 

0-0.3 

1-75 

0*47 

8, . . . 

2*97 

0'03 

3*21 

0-05 

0-58 

0f)3 

12, . . . 

2*94: 

0 85 

2*52 

o-ii 

0*33 

0-55 

H .. . . 

2*93 

v:n 

2*18 

0-13 

0*23 

0*56 

15, . 

2*87 

1-75 

1*95 

O-K) 

0*17 

0-58 

1(>, . 

2*83 

... 

1*88 

0-20 

0*12 

0*61 

18, . . . 


2-20 

... 

... 

... 

... 


It will bo noticed that, owing to tho oxidising elTect of romeltin, 
the proportion of silicon steadily diminished, while sulphur w{ 
at tho same time absorbed Iroin tlie furniico gases. The natur 
effect due to these changes was produced ii]>on the condition of tl 
carbon, which, instead of being almost wholly graphitic, becan 
nearly all comlhned, thins producing a hard, while iron, which wj 
deficient in tenacity, and brittle. Tho elimination of inanganoi 
with tho silicon, the incrense in tho percentage of phosphorus di 
to its concentration in a smaller quantity of metal, and tho initi 
increase of total carbon for a similar reason, are all in accordam 
with what is observed whenever iron is molted in the air, an 
when the resulting slag is not strongly basic. 

The physical effects produced when cast iron is remelted are thi 
merely indications of chemical changes which have taken place i 
the material, while the nature of these changes, and hence the effet 
produced by remelting, will vary with the composition of the iro 
employed and the oxidation to which it is subjected. 

In Sir W, Pairhairn^s experiments tho metal was melted i 
an air furnace, but in ordinary practice a cupola is employee 
Here the oxidation is greater, while as the iron melts in coi 
tact with the fuel it more rciadily absorbs sulplmr. As a consi 
quence, though the changes wliich take place are of tho sain 
kind, and follow the same order as that ]>revi(>usly given, tli 
effect of each molting is uioro marked. This is illustrated b 
the following analyses,* from experiments conducted by Jungi 
in. the Imperial Foundry at Ghuwitz : — 



1st Molting. 

2nd Melting. 

3rd Molting. 

Carbon, graphitic, 

2*73 

2*54 

2*08 

,, combined, 

•66 

•80 

1*28 

Silicon, .... 

2*42 

1*88 

1*16 

Sulphur, .... 

•04 

•10 

*20 

Phosphorus, 

•31 

•30 

*2B 

Manganese, .... 

T09 

•44 

•36 


* JmL Journ., 1885, vol. ii., p. C46. 
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Moulds. ^Ths size, sbape, and cluiractor of tlio looulds oin- 

ploved ia an iron foundry depend upon the clnss of work^ in 
Lndj they may be conveniently divided into the lollowing 
four classes : — 

1. Grcjen-saud 

2. Dry-sand. 

3. Loam. 

4. Ohiils. 

1. Green-sand moulds are made of mouldinf^ Hnn<l, which in 
first uniformly damped, so as to make it adlicrcuit, and is lightly 

rammed around a pattern to 
obtain the r(‘quirod shape. ^ For 
common castings, (‘specially 
when of large size, open sand 
is often used, but for the 
majority of purposeH the sand 
is contained in boxes, which in 
this country are usually of cast 
iron, though wooden moulding 
boxes are fr(M]\iently uschI in 
the United Btates. Usually 
there arc two boxes, \ipper and 
lower, the })attern or patterns 
Ixung placed ])artly iti oacli box, 
and the ‘‘gat(‘,” or opening for 
tho entry of the nustal, being 
commonly in comiection with 
tho middle of the castings. 
Whore a hole or passage is 
required in tho casting, a 
‘‘core’^ is employed; this 
generally consists of sand, 
moulded iixfco the n<5C0S8ary 
Fig. 50.— Sand moulding machine, shape, and supportcul by iron 

wire or otlmr suitable means. 
The patterns are generally of wood, and if of intricate forms, 
are made in parts designed to allow of their removal from the 
mould ; the several parts are kept in povsition by suitable pins. 
Green-sand moulding is the process moat generally adopted, as 
it is rapid and cheap ; it involves the use of no expensive 
plant, and is specially suitable for the production of a large 
number of articles of similar form. Machine moulding is em- 
ployed by manufacturers who have a cousiderable demand for 
one class of work, and in such cases sand-moulding machines 
are coming steadily into favour, though they can never replace 
hand work in a general foundry. A form of patent mould- 
ing machine which is now adopted in a number of foundries 
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in the United Kingdom is shown in Fig. 50, while the metho( 
of supporting the pattern will be understood by reference 
to Fig. 51. Many other forms of moulding machine are als^ 
in use. 

2. Lry-sand moulds are made of a loamy sand which, after bein 
roughly moulded into shape, is dried by heat, and then careful! 
finished with the tool. The mould is sufficiently soft to b 
readily cut, though rigid enough to retain its shape when th 
molten metal is poured into it. Such moulds have the advar 
tage of giving sounder castings, as they evolve less gas, whil 
where a single casting is needed they save money, as no patter; 
is required. Wlien, however, a pattern has once been prepared 
green-sand moulds are much cheaper. 

3. Loam moulds are more particularly employed for curved o 
spiral surfaces of large size, such as sugar pans, “copper” boilers 
soda pans, water pipes, &c. The outer part of the mould i 



Fig. 51. — Pattern for sand moulding machine. 


either built up of brickwork, held in place with iron ties; ( 
where a number of similar articles is required, an iron casir 
is employed. The inner surface of the mould is made of loai 
which is laid on by the trowel and worked by the hand ar 
usually faced with some carbonaceous blacking. The whole 
then carefully dried before use, one of the most general methot 
being by the introduction of a flame of gas into the interio 
Such moulds can, of course, only be employed for one castin 
and the labour and cost of loam moulding is much greater ths 
that of green sand. 

4. Chills are used when it is desired to produce a casting, tl 
outside of which is unusually hard. The iron used is generally 
close-grained grey, and this is converted in white iron where 
comes in contact with the cold side of the mould during soli( 
fication. A familiar example of the use of chills is met with 
the production of chilled rolls. These are cast on end, with 
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good head of metal, so as to give soundness, while as the shanks 
of the roll are required to be turned to size, these are cast in 
sand, and are, therefore, relatively soft. The intermediate part 
of the mould, in which the barrel of the roll is cast, is made up 
of a number of large annular rings of cast iron resting one upon 
another. These are not used cold, or a violent explosion would 
take place when the hot metal came in contact with the cold, 
and, therefore, probably slightly damp chill. The mould is, 
on this account, heated to a temperature of about 150° to 200° 0. 
before the metal is introduced, and the iron is caused to enter from 
the bottom, and in an oblique direction. By this means a cir- 
cular motion is imparted to the metal, and thus, as it rises, it 
collects all dirt and impurities on its surface, and so fills every 
crevice of the mould. 

As it is intended that the subject of ironfounding shall be 
dealt with in another volume of this series of text-books, it will 
not be necessary to enter into more details here.* 

Moulding Sand. — The proper selection and preparation of 
moulding sand has an important influence on the appearance 
and quality of the castings produced in the foundry. The mould 
must be capable of retaining the fluid metal in every direction, 
but at the same time it must allow of the free passage of the air 
•which is collected, and the gases which are generated when the 
mould is filled with hot iron. It must give to the casting a 
smooth clean surface, and hence must neither act upon, 
nor be affected by, the fluid metal at the high temperature at 
which they are brought in contact ; the higher the temperature 
is that is necessary to retain the metal in the perfectly fluid con- 
dition, the greater is the difficulty of complying with this condi- 
tion. Thus moulds for cast iron require more careful preparation 
than those for brass, while those to be employed for steel castings 
require still more careful attention. Moulding sands consist 
chiefly of silica, together with variable proportions of alumina, 
magnesia, lime, and other metallic oxides; coal dust is also 
frequently added in small quantity. The higher the proportion 
of silica the more refractory the sand becomes ; but it is then 
apt to he wanting in cohesion, and to he difficult to mould, while 
the moulds crack in drying, or are injured by the flow of 
metal. Alumina and magnesia impart cohesion and plasti- 
city, though excess, especially of alumina, causes it to be less 
refractory. Magnesia is refractory, forming a good cement for 
siliceous sand, but when present in quantity it renders the 
mould less porous. Lime and other metallic oxides render sand 
less refractory, and should be avoided as far as possible. If the 
lime be present as carbonate, gas will be given off at high tem- 
peratures, and will produce rough surfaces in the casting; while 


*911 “Chilled Castings,” see Imt. Joum., 1891, vol. ii., p. 
voL 1 ., p. 126; T. Morgans, Pro. Bristol Nat. 80 c, ^ Jan., 1887. 
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if it be present as silicate, it will cause the sand to adhei 
to the surface of the hot metal. According to Kohn,* a sui 
able composition for green -sand moulding is approximate] 
as follows: — Silica, 92 per cent.; alumina, 6 per cent.; oxide < 
iron, 1*5 per cent.; and lime, *5 per cent.; while sand for stov 
dried moulds is usually richer in alumina and oxide of iro] 
According to the same author, a composition largely used i 
steel works for moulding purposes is prepared from Sheffiel 
ganister, which is mixed with sufficient magnesia and alumii 
to give a product containing about 85 parts of silica, 5 to 10 < 
alumina, and 5 to 10 of magnesia. 

In addition to the sand being of the right chemical compos 
tion, which condition affects its plasticity and refractory natu; 
as above indicated, it is also necessary that it should be of prop* 
degree of fineness, as when the particles are too coarse the surfa^ 
of the castings is inferior, and the sand is wanting in cohesio 
while when the sand is unusually fine it is unsuitable for lar^ 
castings, as the gases cannot so readily escape. 

Effect of Size and Shape. — The strength and solidity of 
casting are affected by the bulk of metal employed, and by tl 
form of the casting made. Thus if a sample of pig iron whi< 
would be suitable for a casting of small size be employed f 
making very heavy work, it will be found that owing to tl 
slower cooling in the latter case the grain of the metal becom 
much more open, and the strength is proportionally diminishes 
on the other hand, if the same metal were used for very sms 
castings, the chilling in the mould would tend to make the pr 
duct close and hard, and in many cases this would be so mark< 
as to make the castings quite brittle. The grade of the ir( 
used must therefore depend upon the 
size of the casting to be made, the general 
rule being that a closer grained or less 
siliceous iron must be used for large than 
for small castings. At the same time, it 
is generally found that the strength of a 
large casting per unit of area is some- 
what less than that of a smaller one, 
since the closeness of grain is usually, 
though not always, associated with in- 
creased tenacity. 

It is also very important that in large 
castings, where strength is required, no 
sharp or re - entering angles should g. casting, 
occur, as these in all cases lead to the 

formation of planes of weakness in the casting. When t. 
metal cools in the mould a crystalline structure is develope 
the crystals forming at right angles to the cooling surfa( 
* Iron Manufacture, p. 55. 
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If this cooling surface be curved, the crystals interlace so as 
to yield a strong casting of uniform structure, while on the 
other hand, whenever a sharp change of curvature takes place a 
plane of weakness is the result. Thus, in a case which came 
under the notice of the author some years ago, an hydraulic 
cylinder was cast, as shown in Fig 52, with sharp corners at the 
base and a plane of weakness all round. The result was that 
when the cylinder came to be used, and a little extra pressure 
applied, the bottom was forced out in a piece, and considerable 
loss and inconvenience was occasioned, which might have been 
readily prevented by casting the same weight and quality of 
metal in a curved form, so that uniform crystallisation could 
take place. 

Shrinkage of Cast Iron. — Although cast iron, especially 
when very grey, expands at the moment of solidification, and 
thus gives a sharp impression of the mould, the subsequent 
cooling from a red heat to the ordinary temperature leads to a 
still greater contraction, and the nett result is that the casting 
is always smaller than the pattern from which it is made. For 
this reason it is usual in pattermmaking to allow about of 
an inch per foot for shrinkage, and if the casting is required 1 foot 
long, the pattern is made 1 foot and J of an inch in length. 
The shrinkage in castings is, however, by no means a constant 
quantity, but varies with the proportions of the castings and 
with the character of the metal used ; as much as of an inch 
per foot being allowed when casting beams, and only with 
large cylinders. Not unfrequently much loss and inconvenience 
is occasioned in foundry work by variations in the shrinkage, 
caused by altering the shape or proportion of a pattern, or by the 
use of a different variety of iron. 

When cast iron, or any similar material, is poured in the fluid 
state into a cold mould, solidification commences at the outside, 
and during the subsequent stages of cooling, the casting consists 
of a comparatively rigid envelope, containing hot and relatively 
soft material. If, now, the conditions of a small piece of such 
metal in the centre of a square be considered during cooling, it 
will be seen from the accompanying diagram (Fig. 53) that the 
contracting force exerted on each side of the square will be the 
same, and hence a cube or a sphere of cast iron in cooling con- 
tracts in a uniform manner throughout its mass. If, however, 
two such squares be placed side by side, so as to produce a 
rectangle (Fig. 54), on each half of the sides the contracting 
forces are the same as before, or one unit, but on the ends, since 
there is no rigid division between the two squares, both particles 
exert a unit of contracting force; the result is that the contract- 
force at the ends is equal to that on the sides, or on a unit 
of length the contracting forces are double as great on the ends 
as on the sides. If this rectangle were made 12 inches long and 
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1 inch wide, the contracting force on each inch in length would 
still be but one unit, while at the ends it would be twelve times 
as much. Accordingly, in a bar of cast iron 12 inches long by 
1 inch in square section, it is found that the contraction in the 
direction of the length is much greater than in the cross section, 
though owing to the rigidity of the outside during cooling, and 
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Fig. 53. Fig. 54. 

Diagrams illustrating influence of shape on shrinkage. 


other causes, it will not be exactly, or perhaps even not approxi- 
mately, twelve times as great in one direction as in the other. 
In casting very thin strips the shrinkage in the length is thus very 
great, while in the thickness it is scarcely appreciable. This 
principle is of general application. A square plate shrinks little 
in thickness, but equally in width and breadth; a flat disk 
shrinks little in thickness, but equally in all diameters ; a thin 
ring shrinks more in diameter than a thick one, and so forth. 
The following example will illustrate the application of these 
facts : — 

A wheel, as in the accompanying sketch (Fig. 55), may be 
regarded as made up of three parts, each of which contracts 
ditferently — the outer ring. A; the spokes, 

B ; and the hub, C. If a pattern as shown 
give a good result with a particular iron, 
and any alteration be made in the propor- 
tions of the pattern, it is very probable 
that fractured castings will be obtained. 

Thus if the outer ring be thickened it will 
contract less in diameter, and the spokes 
will tend to break away from it in cool- 
ing; if the hub be made thicker it will 
contract less, and probably the outer ring 
will he forced open in consequence ; while 
if the spokes be thickened, they would 
contract less in the direction of their length, and also tend to 
fracture the outer ring. If the pattern be made thinner in 
parts, instead of thicker, there would be similar tendency to 
fracture during the cooling of the wheel. 

In the author's experiments on cast iron it was noticed that 
silicon pig shrank most in the mould, though no accurate deter- 



Fig. 55. — Diagram illus- 
trating shrinkage in a 
cast-iron wheel. 
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minations of shrinkage were made. Thcj KnhjcH'i has sinta^ bec^n 
carefully investigated by W. J. K(‘op, of Dtdroit, whone. ex» 
periments embody the whole oi the trustworthy (hit a availahle^, 
and who measures shrinkage by cusLiiig barn in Kan<l b(*i'w<M*n 
iron chills 12-|- inches apart. The contraction in (*ar<dully 
measured by means of graduated W(Hlge8 which arc inKort(‘<l 
between tlie ends of tln^ cold bar and tlu^ iron (‘hill in wlucli 
the bar was cast. Mr Keep concludes that, wluni .silicjon^ varic^n, 
and other elements do not vary inatcmially, caaiings wit-h low 
shrinkage are soft, and that as shrinkage incr(MiHt‘H, hardiH^KH 
increases in almost, if not exactly, th(i same proportion. 
ordinary foundry practice the scale of 8hrinkag(^ agrt'OH with Ihc* 
scale of hardness, so long as suljdmr and pljosphoruH do not 
vary over wide limits. Tliis is an important fact, and as shrink- 
age tests are very easily performed by an ordinary workman, 
the subject is worthy of more attention than it has hitherto 
received.'^ 

When it is known that iron with dilForent shrinkages to that 
generally employed is to be used in a foundry, tlu^ patt(*rni 
should be altered to meet tlie changed oonditions. As ulnwly 
explained, the contraction will bo gr(‘at(\st in tln^ dinud.ion of 
the length of thin parts of the casting, and th(^H('. should, if 
possible, be somewhat thickened when tln^ Hhrinkag('. im'rcasi'H, so 
as to restore uniformity. If tho pattairn catuiot convimitmily 
be altered, then such additions imist 1x5 nnuh^ to tlu^ foundry 
mixture as are necessary to give a nudal with najuircxl 
shrinkage; silicon, unless in cxc(^SKiv(^ <|uantiti(*H, gives gr<'y, 
soft iron, which has tho minimum shrinkages, and thus, in many 
cases, a judicious mixing of iron will give tho napurtul product 
without any extra expense. 

It is stated that charcoal iron has usually a molting point 
which is considerably higher than that of Urns pur(^ iron miiclo 
with coke. Charcoal iron, thoreforo, H(d.s mon^ (juickly in thci 
mould, and contracts more, so that an (^xtra allowanea for 
shrinkage must he made in the pattenms employed. + 

Hardness of Cast Iron.— The liardnoHs or softnc'SH of (‘imi 
iron is in many instances of the gre^attist importamx^, m the 
metal has to be turned, planed, filed, or otlun-wisi^ workial with 
tools ; hence a number of methods have Ixxm at varimw 

times with the object of dotermining relative hardiu'HH, In 
the older form of apparatus, such as was used by tlu^ Aimmuwi 
Ordnance Commissioners in 1856, and has sirute beam (unploywl 
by Calvert and tJohnston, Ikittono, ami othem (Lxpciriinenu^rs, 
an indentation was made in the surface of tlui meUil <-o bti 
tested. By determining either tlie for<;e r(H|uircxl t.o make a 
hole of a given size, or, on the other hand, tlm mm of the 

* W. J. Keep, Jf^Uicon in (laat Iron, p. 22. 

t Kohn, Iron Manvfaclure, p. 57, 
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indentation needed by a given force, a measure of hardness 
was sought to be obtained. Such a method is, however, 
erroneous unless the tenacity of all the specimens to be 
examined is the same, as otherwise a deeper hole will be 
produced in the weaker metal, irrespectively of hardness. In 
the author’s researches a weighted diamond was employed for 
determining the hardness of cast iron, and the results ob- 
tained with increasing proportions of silicon are graphically 
represented in Fig. 46. When very little silicon was present 
the metal was extremely hard owing to the large propor- 
tion of combined carbon, while when sufficient silicon had 
been added to convert the greater part of the carbon into 
the graphitic form the maximum softness was obtained. With 
further additions of silicon the metal became harder owing to 
the hardening effect of silicon itself, and for this reason 
an excess of silicon, beyond about 3 per cent., is injurious to 
the working qualities of the metal. The sclerometer, or hard- 
ness machine, introduced by the author for these tests, has been 
adopted by W. J. Keep in his valuable investigations on the 
properties of cast iron, and by various firms in America and 
elsewhere for similar purposes. The apparatus and method 
of working have been fully described before the Birmingham 
Philosophical Society * (see Fig. 56). 

Hardness and Strength of Cast Iron. — When cast iron 
has to be turned or otherwise worked the hardness is of 
considerable importance, while in some cases smoothness of 
surface and general perfection of the casting are of the utmost 
moment. Hard cast iron is brittle, deficient alike in crushing, 
transverse, and tensile strength, and seldom gives smooth clean 
castings. With metal which is a little less hard the maximum 
crushing strength is obtained; while on rendering it a little 
softer, or as the workman would call it ‘‘moderately hard,” the 
maximum transverse strength is observed. VVith slightly softer 
cast iron the highest tensile tests are obtained, while still softer 
metal works with the utmost facility, though it is deficient in 
strength. It will be seen, therefore, that when the general 
connection between hardness and strength has been fully 
grasped, the ironfounder requires only the information how 
to harden or soften his metal at will, by the use of silicon or 
other agents, to be able to produce castings in which crushing, 
transverse, or tensile strength shall predominate as desired, or 
in which softness and fine surfaces shall be the most character- 
istic feature. 

There is a somewhat prevalent idea among founders that if 
considerable strength is required a hard iron must be employed. 
Doubtless this is to some extent true in connection with crush- 
ing and transverse tests, but is certainly not correct with tensile 
♦ Vol. V., part II., Ohem, Ne.w8, vol. Iv., pp. 179, 195, 205, 217. 
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strength. In all specimens of exceptionally high ton.sihi strength 
examined by the author tho metal was a .soft good working ******> 
specially suited for onginoora’ purpo.so.s. In aiss)mi»anying table 
is a summary of tho author’s results on tlu; lenacil.y and hard- 
ness of cast iron, as affectod l>y alUn'aiioiiH in proportion of 
silicon.* Tho working (|ualitiea of the specimens are also given, 
and it will ho seen that the hai’dtmss as det.i'rmined by tho 
sclerometor agreo.s very clos(dy wilh i.lui observations oi t.he 
workman. It will be noticed, how((ver, that hardncws and 
tensile strength do not vary togc^thor, but on th<‘ tu)ntrary high 
tensile strength is met with in tins sofUn* irons. 


Influence of Silicon on the Hardness and rKNAOiTV of 
CavST Iron. 


No. 

Silicon 
per cent. 

Tonailo 

Strongth. 

.Tlard- 

ncaa. 

Workiiiji QualJtioi. 

1 

0*19 

10*14 tons 

72 

Very hard indeed. 

2 

0-4d 

12*31 „ 

52 

Very hanl, though not so hard No, L 

3 

0'96 

12*72 „ 

42 

Hard, though softer Uian No. 2, 

4 

1’96 

15*70 

22 

(lood, aound, ordinary, sofbHniibing iran> 





of oKoolleut (pudity. 

5 

2 ’51 

14*52 „ 

22 

EaHuu* hardor than No. 4, 

6 


12*23 „ 

22 

bike No. 4. 

7 

3*92 

11*28 „ 

27 

Like No. (J, but rather hardor. 

8 

4-75 

10*l(j „ 

32 

Rather hardor than No. 7, though not 





unuHually hard, 

9 

7*37 

5*34 „ 

42 

►Still hardor, outthig very like No. 10, 
XIard'Cuttirjg iron, though still «(dter 

10 

9-80 

^‘75 „ 

57 





than No. 1. 


Crushing Strength.— Cast iron posKOHsos an oxoc^ptioimlly 
high crushing strength, and for the majority of purposes the 
founder relies upon this, and does not ptuiorm spaoial testi. 
Usually the tensile strength is not above oruMiixth of the crush- 
ing strength ; hence, if power to resist a tensile force is asiuredi 
the crushing strength is usually sufficient for ordinary work* 
In performing compressive tests it is necessary to have |)erfciatly 
parallel surfaces, and to bod the speciinen as true as posaiblo, 
otherwise the results will bo low. With regard to the ihapo of 
test piece to be employed, Mr. Hodgkinaon ooncluded that 
“where the length is nob more than about thro© iimtii th© 
diameter, the strength for a given base is pretty nearly the 
same 3 t hence tho test pieces used for compressive teste are 
short prisms and cylinders of various diraensioni, Proftssior 
A. B. W. Kennedy employs cylinders 3 inches high and 1 inch in 
diameter for these tests j other engineers recommend oylinderi 

* Journ, Qhem. Soc,, 1885 . 

tFairbairn, Iron Manufacture^ 1809, p. 219* 
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2J iuclies high and 1 inch diameter. The following examples 
will serve to illustrate the results which have been obtained : — 


Experimenters. 

Tons per square inch. 

Authorities. 

Max. 

Min. 

Mean. 

Hodgkinson, . 
Hodgkinson (1849), 
Woolwich (1858), . 
Fairbairn, 

Turner, . 

64'9 

53-8 

62-5 

95*9 

92-5 

36*5 

24*7 

19*9 

40-7 

34*1 

48 

38*5 

40*6 

Fairbairn, /ron, 1869, p. 218. 
Pole, h'on Construction, p. 84. 
Report, 1858, p. 2. 

B. A. Report, 1853, p. 87. 

/. Chem. Soc., 1885, p. 907. 


The average crushing strength of British cast iron is thus 
about 40 tons per square inch ; exceptionally, results so low as 
19*9 tons have been observed, while, on the other hand, a strength 
of upwards of 90 tons has been produced in some instances. 
In the above experiments no special pains were taken to produce 
an iron possessing a high crushing strength ; on the contrary, 
only such irons were taken as were met with in commerce. In 
the light of modern researches, iron could doubtless be produced 
with a crushing strength of 100 tons to the square inch, while a 
strength of 70 tons could, if necessary, be regularly assured. A 
series of sketches illustrating the fractures of test pieces with 
different proportions of silicon, when subject to a compressive 
force, are given in the author’s paper on “ Silicon in Cast Iron.”* 
The samples were prepared by the author, and the mechanical 
tests performed by Professor Kennedy at University College. 
Prom these experiments it is probable that the maximum crush- 
ing strength would be obtained with about 0*75 per cent, of 
silicon, and 2 per cent, of combined carbon. 

Transverse Strength. — As before stated, the maximum 
transverse strength is obtained with metal a little softer than 
that which possesses the highest crushing strength. Transverse 
strength depends, at least in part, on the power to resist both a 
crushing and a tensile force ; hence transverse strength is inter- 
mediate between crushing and tensile so far as the character of 
the iron is concerned. This combination of properties imparts 
to the metal characters which are most valuable in certain cases. 
Por transverse tests many shapes and sizes of test bar have been 
adopted, and, for scientific purposes, the results so obtained are 
converted by calculation into values for a bar 1 foot long and 
1 inch square. The common test bar in use by founders is 
3 feet long, 2 inches deep, and 1 inch broad. By multiplying 
cwts. recorded with such a bar by 84, the results may be con- 
verted into pounds on the standard bar. Or conversely, divide 

* Journ, Chem» Soc,, 1885, p. 909. 
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pounds on the standard bar by 84 to obtain cwts. on the ordinary 
3-foot bar. 

The following numbers illustrate results obtained : — 


Experimenters. 

Lbs. per sq. in. 
on bar 1 ft. long 
by 1 in. sq., 
loaded in 
centre. 

Cw*ts. on bar 

3 ft. long, 1 in. 
mde, 3 in. deep, 
loaded in 
centre.* 

Bobert Stephenson, / Max. 
1847, . . \ Min. 

Hodgkinson and j 

lairbair., . j 

( Max. 

Woolwich, 1858, . ■! Min. 

( Mean. 

Fairhaim, 1853, . Max. 

Turner, 1885, . Max. 

3,216 

2,058 

2,632 

1,638 

2,063 

2,358 

539 

1,479 

3,114 

3,534 

38*2 \ 
24*5 j 
31*3 / 
19-5 [ 
24*5 \ 
28-1 ) 
6*4 } 
17*5 ] 
37*0 
42*1 


Authorities. 


Pole, Iron for Construe- 
iion, p. 88. 

Box, Strength of Ma- 
terially p. 186. 

Re/porty p. 2. 

J?.J[.Pfjpor^,1863,p.87. 
Inst. Journ.y 1886, i. 


It will be noticed that the transverse strengtli of tlui standard 
bar, 1 foot long by 1 inch square, varies from the exceptionally 
low value of 539 lbs. to 3,534 lbs., corresponding to a variation 
of from 6*4 to 42 T cwts. on the common test bar. Tlie average 
for common iron is about 20 cwts. on the ordinary tost bar, 
while 30 cwts. is required for better-class castings. For spcicially- 
good work some South Staffordshire founderKS can produce a 
strength of 40 cwts. with tolerable regularity, and as much as 
44 J cwts. have been recorded.! In performing transverse testa, 
care should be taken to avoid even the slightest twist on the 
specimen, and the weights used should be added very gradually, 
otherwise low and irregular results are obtained. The size of 
bar used has also an influence on the strength, smaller sectional 
areas giving higher values. It should be remembered that the 
strength of a test bar does not accurately represent the stremgth 
to be expected in the casting, if the size of the latter, and the 
circumstances of pouring, do not pretty closely agree with those 
of the test bar itself. Some engineers recommend a time teat 
in addition to the breaking test, and such observations are 
certainly valuable. For example, the ordinary 3 -foot bar is 
sometimes loaded for twenty-four hours with a weight of 20 
cwts., the specimen being afterwards tested to rupture. This 
test gives additional security to the engineer, and is worthy of 
adoption in cases where a specially - trustworthy product is 
required. 

Tensile Strengtli. — In many of the less important foundries 
tensile tests are omitted, but in the better works such tests 

* These values are calculated. t Iron, vol. xxix., p. 186, 
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are generally performed, and appear to be growing in favour. 
It was shown by the American Ordnance Experiments (1856) 
that the tenacity of cast iron usually serves as a guide to its 
mechanical value, and practical experience quite confirms this 
view. Tensile test pieces are of various forms ; they are some- 
times used with the skin on, at others the surface is carefully 
turned ; sometimes small pieces are cast separately, while other 
founders cast the pieces on to the object which is being made. 
At Eosebank Eoundry, Edinburgh, the practice is to cast a 
test piece on to the top and bottom of each important article ; 
these pieces are afterwards broken off, and carefully turned 
down to a suitable size before breaking. Such a method is 
calculated to give a result very nearly approaching what may 
be expected in the casting itself ; for not only is the test piece 
of the same composition as the casting, but it is also cast under 
as nearly as possible the same conditions as to temperature, 
pressure of metal, and rate of cooling, all of which have a 
considerable effect on the strength of the product. 

The following table condensed from a paper by the author 
will serve to illustrate the results obtained by different 
observers * : — 


Bxperlmentera. 

'J’BNSiM Strength. 

Authorities. 

Tons per Square Inch. 

Minard and Besormes, 

Max. 

Min. 

Mean. 


1815, . 

9*08 

5 09 

7 19 

Tredgold, 4th Edit., p. 230. 

Hodgkinson and Fair- 
bairn, 1837, . 

9-76 

6 0 

7*46 

B, A, Beporty 1837, p. 339. 

Hodgkinson and Fair- 
bairn, 1849, . 

10-5 


6*8 

Pole, Iron Oonstruction, p. 79. 

Woolwich, 1858, 

15-3 

4-2 

10-4 

Beportj 1858, p. 2. 

Turner, 1885, . 

15-7 

4-75 

... 

/. Chem. Soc,y 1885, p. 580. 

Rosebank, 1886, 

18 '2 




It will be seen that the highest tensile strength of British 
iron above recorded (18*2 tons) was obtained in the experiments 
at Eosebank Foundry in 1886. The average tensile strength 
obtained by earlier experimenters was about 7 tons, while in 
1858 the mean was raised to 10*4: tons. This increase represents 
a real improvement in the metal tested, and was due to a 
selection of the more suitable irons as a result of increased 
knowledge. Foundry practice has since improved, and some 
engineers now stipulate that a bar 1 inch in section shall be 
capable of bearing a weight of 10 tons for twenty-four hours 
without fracture, and this apparently severe test has been com- 

* J. S. C. L, vol. v., p. 289, 
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plied with. Contracts are now satisfactorily executed, in which a 
minimum strength of 12 tons per square inch is required, and 
to produce this nothing but Cleveland iron is employed. The 
author has also succeeded in regularly producing an iron of 
excellent working qualities, with a tensile strength of from 
13 to 13*0 tons per square inch, from a mixture costing under 
£2 per ton and consisting of cast iron scrap, and siliceous iron. 
This is a striking instance of the value of combined chemical 
and mechanical knowledge to the iron-founder. 

In foreign cast iron some tensile strengths have been recorded, 
which have not yet been equalled in Britain, though probably 
these results are to be regarded as quite exceptional. Thus Pro- 
fessor Ledebur records a tensile strength of 19*1 tons per square 
inch with German iron,"^ while the American Commission on 
Metal for Cannon, in 1856, obtained a maximum of 20*5 tons, 
and at the Wassiac furnaces, Hew York, 21*2 tons have been 
obtained.t Much difference of opinion has been expressed as to 
the value of tensile tests for cast iron, as the metal is now never 
used in tension. Professor Ledebur, who is probably the best 
authority on this subject in Germany, states that tensile tests 
should always be made, and the author’s experience leads to the 
conclusion that where a complete system of tests, sucli as that 
of W. J. Keep, cannot be adopted, no other test affords so good 
an indication of the value of the metal, as cast iron with 
high tensile strength is almost invariably soft, sound, and fluid. 
In the following table seven analyses by the author of samples 
of cast iron of unusually high tensile strength are given, together 
with the results obtained at Woolwich, in 1856, and at Wassiac. 
Pull details of the preparation of these samples are given in the 
original paper. J 



Woolwich 
Experiments, 
1858, Average, 

Silicon 

Experiments, 

1885. 

Rosebank Irons, 1880. 

Dumbarton 

Irons. 

Wasssiac 

Iron. 

Average. 1 

Tensile strength — 
Tons per sq. in. 



15*7 

18*2 

17*1 

16*8 

16*4 

16-68 

15*2 

18*46 

... 

Graphitic carbon, 

Per 

Cent. 

Per 

Cent. 

Per 

Cent. 

Per 

Cent. 

Per 

Cent. 

Per 

Cent. 

Per 

Cent. 

Per 

Cent. 

Per 

Cent. 

Per 

Cent. 

2*59 

1-62 





2-90 

2-60 

2-ai 

Combined carbon, 


... 

0-56 

0**36 

0*58 

0-52 

0**40 

0*32 

0*30 

()*7B 

0-475 

Silicon, 

1*42 

1*96 

1*29 

1*50 

11.3 

1 *33 

1*34 

T63 

1*31 

1*434 

Phosphorus, . 

0*39 

0*28 

0*56 

0*47 

0*41 

0-70 

1*09 

1*10 

0*29 

0*587 

Sulphur, 

0*06 

0*03 

0*06 

0 07 

0 06 

0*05 

0*14 

0*12 

0*08 

0*074 

Manganese, . 

0*58 

0-60 

1*00 

100 

1*33 

0'65 

1*38 

1*29 

1*51 

1*037 


* Inst. Journ., 1891, vol. ii., p. 252. 

t/rwj;. a K, vol. Ixxiv., p. 373. tJ, S. G. voL vii., p. 200. 
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The average composition shown in the above table may be 
regarded as typical for good cast iron when the maximuni. 
strei^th is desired, together with soundness and good working 
qualities. By increasing the silicon the metal becomes more 
soft and flui^ while by diminishing the silicon the transverse 
and crushing strength, together with the tendency to chill, are 
increased. 

Keep’s Tests for Pomidry Iron. — With any unifono. 
material, such as wrought iron or steel, a small sample cut from 
a larger piece may be said to have very nearly, if not exactly, 
the same properties and characteristics as the larger piece from 
which it is taken, and when tested, either cbemically or physic- 
ally, it is generally and properly taken to fairly represent the 
larger piece. With castings, however, the case” is entirely dif- 
ferent, as different portions of the same casting may differ* 
essentially from each other in strength, and in other respects, 
while a small casting, though poured from the same ladle as a. 
larger one, will in all probability give no direct indication of 
what the larger castings may be in important particulars. For 
these reasons W. J. Keep has abandoned the attempt to estab- 
lish a direct relation between the strength and other character- 
istics of cs^tings and of test pieces, and has substituted therefor 
a system of testing which is entirely relative, but by which every 
test made in any foundry will be alike. The relation between 
the results of these tests and the strength and other proper ti^ 
of castings, is simply that experience will show what an iron- 
must stand, by Keep's test, in order to be suitable for certain, 
purposes, and the record of any ‘‘ Keep’s test ” made anywhere, 
or by any one, will be as useful as any other by the same 
system. 

It is much to be desired that some plan could be adopted by 
which a test-piece casting would indicate exactly and directly 
the physical qualities of a casting of the same metal ; but no 
method of doing this has been devised, or seems likely to be, 
Keep’s plan is, therefore, presented as the next best thing, and 
as an excellent practicable test, which has been applied in a 
number of the chief foundries in the United States. Keep’s 
tests were first described in the United Kingdom in a paper 
read by the author,* where further details will be found.f 

* 8. Staff. Inst., 1888. 

t The following papers by Mr. Keep will be found of unportance by those 
interested in foundry work: — “Physical Tests for Cast Iron,” Joum. U. S» 
Assoc. Charcoal Iron WorJcers, 1887 ; “ Influence of Alummium upon Cast 
Iron,” Trans. Am. Assoc, for Advancement oj Science^ 18S8; “Ferro-SiHeon 
and the Economy of its Use,” Trans. Am. Inst. Mbi. Eng., vol. xviL, p, 
258, 1888; “Silicon in Cast Iron,” ihid., vol. xvii, p. 683, 1889; “Alum- 
inium in Cast Iron,” Und., voL xviii., p. 102, 1889 ; “Phc®phonis in Cast 
Iron,” ibid., voL xvin., p. 459, 1889 ; “Alummium and other Metals Com- 
pared,” voL xviii., p. 798, 1890; “Aluminium in Wrought-Inm and 
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The tests may be performed either upon the original pig iron, 
as is more general, or, if preferred, the metal from the foundry 
ladle may be used. In the former case remelting is performed 
in a carefully closed crucible in a wind furnace, and experience 
has shown that when this is carefully performed the changes 
due to remelting are so small as to be practically negligible. 
The metal is cast in green sand in the ordinary way, the only 
difference being that Q shaped yokes or chills are inserted 
in such a manner that the test bars are cast with their ends 
against a chill of cast iron. The bars are ^ inch square in 
section and 12 inches long, the chills being made 12|- inches 
apart so as to allow for shrinkage. In addition to the square 
bar cast between the chills, as above described, a thin bar, 
12 X 1 X ^ inch is also cast in a similar manner. The tests 
are now applied to the bars so prepared as follows : — 

1. Shrinkage is measured by replacing the bars in the yokes 
between which they were cast, and inserting a graduated wedge 
between the end of the bar and the chill. 

2. Transverse strength is determined by means of a specially 
arranged lever machine, the bar being supported at the ends, 
and a gradually increasing weight being applied at the centre. 
At the same time an autographic record of deflection is obtained. 

3. Depth of chill is ascertained by breaking the end of a bar in 
the direction of its length and recording the point at which 
chilling ceases. 

4. The grain of the fracture is observed under a lens; for this 
purpose a double convex lens, with a diameter of 1 J inches and 
a focal distance of f of an inch, is recommended. 

5. Resistance to impact is measured by means of a pendulum 
hammer, and the height of fall gradually increased until fracture 
takes place. For this purpose a similar bar is employed to that 
used for the transverse test. 

6. Fluidity is measured by using a pattern 1 foot long -06 inch 
thick, and running the metal from one end. The metal rarely 
runs the whole length of such a mould, and the length to 
which it flows gives an indication of the relative fluidity of 
the iron. 

7. Some irons have a tendency to cool irregularly, and to pro- 
duce distorted or crooked castings. The crook'' is determined 
by means of a 12-inch flat bar, on one side of which a rib is cast, 
and, when cold, the distance the rib has pulled away the ends of 
the bar from a straight line is taken as a measure of the crook. 

Steel Castings,” ibid., vol. xviii., p. 835, 1890; “Aluminium in Carbonised 
^on, Jnst. Journ., vol. i., 1890; “Manganese in Cast Iron/' Trans. Am. 
Inst M. E.^ vol. XX., p. 291, 1891 ; “Silicon in Foundry MixturevS,” Iron 
Age June 9, 1892. Also papers on “Carbon in Cast Iron,” “Sulphur in 
Oast Iron, “ Chromium in Cast Iron,” and “ Keep’s Test applied to Malle- 
able Iron Castings,” published in 1893 ; Foundry Mixtures, 1894. 
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8. Hardness is measured by a sclerometer, as introduced by the 
author, and somewhat modified for this special purpose by W. J. 
Keep. At the end of a perfectly balanced arm a standard diamond 
is fixed so that its point rests upon the polished surface of the 
metal to be tested. By sliding a set of suitable weights along the 
beam a point is reached when the diamond makes a standard 
scratch on a standard surface. The weight in grams on the 
diamond point is a measure of the hardness of the metal. 
Probably more trustworthy results are obtained by this than 
any other method, though the values depend to a considerable 
extent on the skill of the operator. 



Malleable Cast Iron. — Ordinary pig iron has the advantage 
of fusibility and thus can readily be cast in any desired form, but 
the castings when made are relatively brittle and weak. Foi'gings 
in wrought iron, on the other hand, are tough and strong, but 
are very costly when intricate shapes are required. By the 
process now to be described, articles are first cast in the ordinary 
way and then subjected to a special treatment, which confers 
upon them increased strength, together with much greater 
ductility, so that they resemble wrought iron in many respects, 
though the metal so prepared cannot be welded, and is liable to 
contain blowholes. This process is now largely employed in the 
neighbourhood of Birmingham, Walsall, and Wolverhampton, 
for the production of small articles for a great variety of pur- 
poses. Malleable cast iron has been in use for many years, since 
Beaumur wrote a full description of its preparation in 1722, and 
supplied drawings of the apparatus used and of the appearance 
of the fracture of the pig iron suitable for the purpose. Many 
descriptions have since appeared, though the scientific principles 
underlying the process are still in need of further investigation. 

The metal employed in the United Kingdom is a special variety 
of white iron, which is obtained in the form of small pigs, and is 
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prepared by rejSning haematite iron so as to as far as possible 
eliminate the silicon. White iron, prepared in the blast fur- 
nace from hsematite ores, is also sometimes used, but gives 
inferior results, as it is less regular and is frequently too rich 
in sulphur, which leads to the production of blowholes in the 
castings. Such metal should consist of iron with about 3 per 
cent, of carbon, almost entirely in the combined form, and as 
little as possible of the other elements— silicon, sulphur, phos- 
phorus, and manganese — which are generally present in cast 
iron. If much silicon or manganese be present, the iron cannot 
be “converted” in the subsequent process, while phosphorus pro- 
duces brittleness in the finished metal. The presence of sulphur, 
as before stated, tends to the production of blowholes, though the 
author has often met with as much as 0*25 or 0*3 per cent, of this 
element without injury. A certain quantity of mottled or grey 
iron of similar quality, but somewhat richer in silicon, is also 
used, so as to counteract the effect of remelting, and allow of the 
use of some scrap from previous meltings. 

The iron is broken up and remelted in crucibles in smaller 
establishments, or in cupolas where larger outputs are required. 
It is then cast in ordinary green sand moulds, and the castings 
are cleaned from sand by rotating in iron barrels. The metal is 
now sufficiently hard to scratch glass readily ; it is very brittle, 
and perfectly white when fractured. The castings are now 
“ annealed ” by heating in large covered boxes, which are filled 
with haematite ore. The ore employed is a variety of red haema- 
tite, which is carefully sorted so as to be in grains of uniform size 
somewhat smaller than peas. It is not usual to employ new ore 
alone, but to mix it with ore which has been used in a previous 
operation, as otherwise the process is too rapid and irregular. 
Other materials, such as bone ash, burnt clay, and similar sub- 
stances, may be used instead of haematite, and were formerly 
employed, but have been generally abandoned, as the result is 
less satisfactory. 

When the haematite has been frequently used its power of 
conversion is diminished, and ultimately becomes very small, so 
that an addition of new ore is made, the quantity added being 
about one-third of the resulting mixture, though a more oxidis- 
ing ore is required with large than with small work. The box 
containing the work to be converted is placed in a suitable 
furnace and heated, usually by direct firing with coal, thoxxgh 
gas furnaces have also been introduced for the purpose. The 
full heat is continued for twenty-four hours or upwards, accord- 
ing to the size of the castings, and the whole operation of charg- 
ing, heating, and cooling, takes usually from three days to a 
week- The castings when withdrawn are grey in fracture, and 
so soft as to be readily worked with a file or cut with a chisel j 
they are sufiiciently malleable to allow of bending without 
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fracture, or of being flattened with a hammer, and can thus be 
readily dressotl anti linislied. 

Jn 1881 Fortjuignon conducted an important aeries of oxppri- 
menta on the mtdhods ot‘ production, composition, and strength 
of tnalleabltj cast iron, and concluded that malleable castings 
always contain iimorplious graphite, and tliat the castings may 
bo rendtu'tul malhuiblo by annealing without any appreciable 
loss of total carbon taking placti.* 

Tlio changt'.s which takt", place during this so-called annealing 
proct^ss havt^ also beam studitid by A. Ledobur,! wlio has shown 
that the carbon which originally (existed in the combined form 
bocoines eonvtuttul into a spt^cial variety of grjiphite, which does 
not occur in the ordinary flat plates, but is in a much finer state 
of division, though in other r(^sj)ect.s it possesses the properties of 
graplut<‘, and wlum dry soils the fingers lik(^. ordinary black lead. 
But (‘xpmdnnmts conducted by 0, Francis at Mason Oollcge, 
unilor the author’s diri‘ction, show that a change in the state of 
tlu^ carbon prc^simt is not th(‘. only altiuvition duo to the prolonged 
heatdng with luematite. The total carbon is, in practice, always 
losB in tin', anmuihul than in tln^ original iron, and usually by at 
leaBt one-fourth of that originally present. At the same time 
the hannatito ore is chang<d, becoming much darker in colour, 
and is found to contain metallic iron, which is readily attracted 
by a magnet, and which dissolves in diluted acids with the 
evoliiiion of hydrogen. Another somewluit curious change also 
occurs, for aualysoH of the annealed samples always show an 
apprtHuablo diminution of sulphur during the conversion, and 
hmniatite ore which has boon frequently used contains a con- 
sidi^rable proportion of sulpluir, wliich is j)r(ment in such a form 
as to be eliminat(‘<l as sulphurettiHl hydrogen when the material 
is with diluted hydrochloric acid. 

Th{^ chang(‘s which take place may, therefore, he summarised 
as follows ; carbon in the iron is changed from the com- 

biiuul to a spiK’ial vari(d»y of tlie graphitic form, and is diniin- 
ishcnl in cjiiantity, wliile some of the sulphur is also eliminated. 
At tlu^ sauK^ tim<^ the hamiatito ore is partially reduced to 
metallic iron, ami comldruss witli Hul[)hur bo form n,n appreciable 
quantity of suljihide of iron. How far this cliango in the pro- 
portion of sulphur is coniuKitiMl with the alteration in the state 
of blio carbon is at presmib umleterminod. 

* vol* xxiil, p, 4113; Jouni. Cham, vol. xlh., 

p. I KL 

t Imt. Journ,^ 1889, vol. i., p. 388 ; 1893, vol. ii., p. 53. 
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WROUGHT IRON. 

Beflnition. — Wrought iron may be conveniently defined as 
commercially pure iron, which, having been produced in a pasty 
condition, is always associated with more or less intermingled 
slag. The slag remaining as a sheath around the separate 
particles or granules of metal causes them to assume an 
elongated or hair-like form when the metal is rolled into 
strips or bars, and leads to the production of a characteristic 
fibrous appearance in the fracture obtained by nicking a bar of 
wrought iron on one side and then bending it double. The 
uniformity of the fibre of this fractured surface is an indication 
of the uniform character of the original granules of iron, and 
also of careful manipulation in the later stages of preparation, 
and so is a convenient practical test of the quality of the iron. 
Wrought iron melts at a full white heat, but below this 
temperature it assumes a pasty condition, in which it can be 
readily welded — more readily, in fact, than any other variety of 
iron or steel. It is ductile when cold, and if heated to redness 
and quenched in water does not appreciably harden, thus 
differing from cast iron, which is brittle when cold, and from 
true steel, which hardens when quenched from a red heat in 
water. 


DIRECT PRODUCTION OF WROUGHT IRON. 

In all the processes which were employed by the ancients for 
the production of wrought iron the metal was obtained from the 
ore in a single operation. Such processes are, therefore, called 
“ Direct,” in distinction from the methods now in general use, 
whereby cast iron is first produced in the blast furnace, and the 
crude metal so obtained is afterwards purified by partially 
oxidising it in a reverberatory or other furnace. The direct 
process is still employed by all savage races who make iron, and 
is also in use where the character of the ore, the fuel, or other 
conditions render the adoption of the blast furnace impracticable. 
The methods employed for the direct production of wrought iron 
may he conveniently classified, according to the kind of furnace 
in which the operation is conducted, as follows : — 
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1. Open hearths. 

2. Small blast furnaces. 

3. Tall blast furnaces. 

4. Eetorts or crucibles. 

5. Reverberatory furnaces. 

The processes included under divisions 1, 2, and 3 are generally 
of ancient origin, and the fuel used is charcoal ; while those 

coining under divisions 4 and 5 are 
more modern, and permit, at least 
in part, of the use of mineral or 
gaseous fuel. The number of such 
methods which have been proposed 
from time to time is very large, 
and reference will here be made 
only to the more representative of 
them. 


I. HEARTHS. 

Small hearths were employed by 
the ancients for the direct produc- 
tion of iron, the fuel used being 
charcoal, and the necessary draught 
being obtained either by means of 
rude bellows, or by arranging the 
hearth at the top of a gully or 
channel in such a manner as to 



Fig. 67.— Section of Catalan forge. 

take advantage of the prevailing wind. Such processes are still 
used by savage tribes, particularly in Africa, and also survive 
in some parts of India. 

Catalan Process. — A modification of this method of pro- 
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ducing wrought iron, which was at one time in considora}>le 
use in Southern Europe, was known as the Catalan proc(‘ss. 
The name is derived from the province of Catalonia, in 
!N'orthern Spain, where, it is probable, the process was iirstj 
introduced. In principle this was the same as that conducted 
in the simple hearths above mentioned, the chief diilerence 
being that a blast of air of considerable volume, and of a 
pressure of IJ to 2 lbs.- to the square inch, was obtained by 
means of a water blower called a trompe^ and in consequonco 
of the increased air supply, blooms weighing as much as 3 cwts. 
were produced in about six houi's. The trompe consisted of 
three parts — a water reservoir (A) arranged to give a constant 
head of water; a vertical wooden pipe or hollowed tree-trunk (B) 
about 25 to 30 feet high, with holes (g) in the upper part for 
the admission of air; and, thirdly, of a wooden chest or blast 
box. The water in falling down the wooden pipe aspirated 
air through the openings above mentioned, and air and water 
together entered the wooden chest below. Suitable openings (D) 
were arranged for the water to flow away from the bottom of 
the chest, while the air was conducted by means of a pipe and 
twyer (E, Gr, E, T) to the hearth (N). By this process about 
3 tons of rich hsematite or other pure ore, and nearly 3 tons of 
charcoal, were required to produce 1 ton of bar iron. As com- 
pared with modern processes for treating similar orc'.s, tiio 
consumption of ore and fuel were both very liigli, while the 
yield, in a given time was small, and the cost of labour therefore 
relatively great. Though formerly conducted on a considtirable 
scale, this process has gradually given way to a now(?r method, 
and is now practically extinct. It will not, therefore, bo here 
described in detail, but very full particulars and drawings have 
been given by Dr. Percy,* and may be consulted for further 
details. 

American Bloomery, — This is probably the most important 
of any of the direct processes when judged by tlio annual 
output of wrought iron. It is practised chiefly in the Wesk^rn 
States where charcoal can be obtained and whore ricli finely 
divided magnetic ore, which is often titaniferous, is (miployed. 
In principle the process is identical with that formerly adopted 
in Catalonia, though a number of modifications in detail have 
been introduced with the object of saving labour and fuel 
Thus the sides of the hearth are of iron, and being water-cooled 
last almost indefinitely, while the blast is produced by steam 
power or by a water wheel, and instead of Doing usc^d cold, as 
in ancient times, is warmed by circulating through cast-iron 
pipes heated by the waste heat of the furnace. I’he arrange- 
ment of an American bloomery is thus very similar to that of 
a Styrian steel works, which is described in detail in a later 
* Iron and Steely pp. 278-316. 
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chapter, see p. 264, the chief difference being that while in the 
bloomery wrought iron, or, if required, steel, is produced from the 
ore in a single operation, in the Styrian process pig iron is first 
produced and this is employed for the preparation of wrought 
iron or steel. The American bloomery, as already explained, 
is only suitable for a particular class of ore and for charcoal, 
so there is no likelihood of it being introduced into the United 
Kingdom. It suffers from the disadvantages inherent in all 
direct processes —namely, that the yield in a given, time is rela- 
tively small, while the cost of labour and fuel and the loss of 
iron in the slag are greater than with modern processes in which 
the blast furnace is employed for the preliminary elimination 
of the impurities of the ore. For details of this process an 
illustrated description by H. M. Howe should be consulted.* 

It will be observed that in the direct processes which have 
been described, as with the majority of those which are after- 
wards mentioned, the fuel used is charcoal, and that coal or 
coke cannot, except in one or two special instances, be employed. 
This is due to the fact that the spongy iron, which is produced 
at a low temperature, readily absorbs any sulphur present in 
the furnace charge, with the result that the finished metal is 
red — short, and inferior, if either mineral fuel or sulphurous 
ores be employed. Charcoal being much more free from sulphur, 
and at the same time a more active reducing agent, is therefore 
employed in preference. 

Beaotions. — The chief reaction which occurs in the small 
charcoal hearths or furnaces employed in Catalonia, India, 
America, and elsewhere, is probably that between solid carbon 
and the iron ore, thus : 

FoaOa + 30 = Feg + SCO. 

leading to the production of metallic iron on the one hand and 
carbon monoxide, which burns at the top of the furnace, on the 
other. At the same time, part of the oxide of iron combines 
with the silica and other gangue to form an easily fusible slag, 
consisting essentially of ferrous silicate ( 2 Fe 0 .Si 0 . 2 ), and this, 
being basic in chai'actor, and the temperature of reduction com- 
paratively low, leads to the greater part of the phosphorus 
present passing into the slag. It is thus possible, by the direct 
process, to produce an iron of considerable chemical purity from 
phosphoric ores, while, when pure magnetites are used, the iron 
obtained is of exceptional quality, suitable for the production of 
tool steel and similar purposes. The iron made by such processes 
is, however, apt to be irregular in carbon content, the outer part 
of the bloom being more carburised than the interior. This can 
be to some extent obviated by careful attention to maintain a 
fairly oxidising atmosphere when making wrought iron, while a. 

* Metallurgy of Steel, p. 270. 
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steely iron is not unfrcquontly intentionally procIurcHl hy using 
A blast of somewhat lower proKHuro, and ineliuing the twyer w) 
as to keep tlie lower part of the furnace fdlotl y<fith a more reclue- 
ing atmosphere. It is thus ponsibh*, by sHgiitly varying the 
working conditions, to produce (uther wrought iron or steed In 
these simple furnaces directly from the ore. 

n, SMALL BLAST FUENAOKS. 

j* The Osmund Furnace.— This was a small blast furniiee which 
occupies an intermediate position bctw(*an hearths, Huch a« the 

Catalan and the high- 
hioomary or Htiickofiui, 
formerly employ c<l in Cler-' 
many. This f'urriiw'i\ which 
is shown iri semtion in Fig. 
58, was in use in Finlaiicl 
and the North of Kurcipe 
from b(df)rci the introiliiO' 
tion of Cliriitianiiy until 
1875, and is possibly still 
employed in remote dti- 
tricts. Tin' ore used wai 
the native bog or lake ore, 
whitdi is dnslged in the 
early auttunn wlule thi^ icsi 
is thill, from the bottom of 
lak(m or rivers ; it eonsiiii# 
of easily nalueible hniwn 
Fig. 58,-^»Soctioa of tho Osmund fumaca hmmatites tolerably rich in 

phosphorus. Thr^ ore wm 
first dried by exposure to tho air, and calointHl In lieii|i«, 
using wood as fuol ; it was aflorwards snndtiHl with ciltfirtttiali 
and a bloom of wrouglit iron obtaim^d, which wii« tmlletl iiii 
osmundj from which term the furnaoo dc'rivcs its tminti. Tlii 
phosphorus originally present in tho ore parsed alrntmt oiitiriilj 
into tho slag, which was easily fusible, and rich In iron. Tht 
furnace was constructed of masonry, which was fri*t|ijcuitly Mtir- 
rounded by earth hold together liy a casing of iimbcir ; lilf«t w»i 
introduced through a single twy or by moans of hand hidlowi; tlii 
hearth of the furnace was rectangular, and a tappliigdiolfi wm 
provided for running off tho slag, while tho front of the furtmitii 
was removed at tho conclusion of oacdi operation to allow of ilio 
extraction of the hnishod bloom. Tho nlooms matlo in aurls a 
furnace would not weigh more than :I0 cwt». per week, anti llici# 
would suffer a loss of at least 35 per coni in «ulmiu|uoiit work- 
ing. This furnace has been illustrated and fully dti»crilml bv 
Br. Percy,* ^ 

* Iron md Biml, p, 320. 
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' Small Blast ^Furnaces in India. — For the direct production of 
wrought iron in British India the natives employ open hearths, 
small blast furnaces, or tall blast furnaces, according to the 
nature of tlie ore, and more particularly of the charcoal which 
is employed. The following description of the production of 
wrought iron in small blast furnaces in India is condensed from 
a paper by the author.* Fuller details and references are given 
in the original. 

Ore i^upply.—The natives in India never use magnetite in the 
maHsive form if it can be by any means avoided, as this would 
not only involve the labour of mining, but the lumps of ore would 
require to be broken by hand to small pieces, while the finer 
particles thus produced would be carefully separated and thrown 
Away. The native workmen, therefore, generally select the 
weathered pieces of ore which are found on the surface of mag- 
netic deposits, and which are either already in small pieces or 
which can be readily broken. In some cases, as in the Khasi 
Hills and in Malabar, concentrated ore, obtained by washing a 
decomposing granitic matrix is employed. At Bajdoha, in 
Central Bengal, a weathered magnetite, which occurs in the 
form of small brown lumps, of tolerably uniform size, is the chief 
ore which is treated. Each lump consists of an unaltered kernel 
of black magnetite surrounded by a shell of brown ore. An 
^i^nalysis, performed under the author’s superintendence by H. 
Harris, gave the following results 

Per Cent. 


Ferric oxide (FeaOa), . 
FcrtouB oxide (FeO), . 

Silica (SiOa), . 

Manganous oxide (MnO), . 
Alumina ^IjOg), 

Lime (OaOb 
Magnesia (MgO), 

Sulphur (S), 

Phosphoric anhydride (PsOb), 
Moisture at WO., . 
Combined water and loss, . 


69*65 
19*60 
5*83 
0-22 
0-51 
0*36 
trace 
0*02 
0*03 
0*60 
3 28 


100-00 

From this it mil be seen that nearly 90 per cent, of the ore 
consists of oxide of iron, and the metallic iron amounts to 63-92 
per cent. The proportion of phosphorus is exceedingly low, and 
there is little more than a trace of sulphur. 

FueL—Iti. an. interesting handbook, No. 8 of the Imperial 
Institute Series, Indian Section, published by authority in 1892, 
and written by T. H. Holland, Assistant-Superintendent of the 
Cteologioal Sarroy of India, an account is given of the manufac- 
ture of iron in the southern districts of the Madras Presidency. 
From this it appears that the scarcity of fuel is the great draw- 
* Inst. Jintm., 1893, vol. ii., p. 162. 
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back to the development of the enormous iron ore deposits of 
Southern India, the only carbonaceous deposits hitherto dis- 
covered being beds of bituminous shale or small deposits of 
lignite. 

The fuel which the natives prefer, wljore it can bo obtained, is 
charcoal made from the wood of the Albizzia amara^ a deciduous 
tree of moderate size, with a mottled hard heart wood, and con- 
centric alternating light and dark bands. This tree grows up to 
an elevation of about 1,000 feet 3 its wood is also used for build- 
ing and other purposes, while the crooked branches are employed 
for ploughs. Where other wood cannot bo obtained bamboo 
charcoal is employed. This is soft and frialde, and in pieces, 
few of which exceed 2 inches in length or 1 inch in thickness. 
It contains about 8 per cent, of ash, 8*7 per cent, of moisture, 
and, by difference, 83*3 per cent, of carbon. It is, therefore, an 
inferior fuel, both as regards character and composition, though 
perhaps the ash may act advantageously as a flux during 
smelting. 

Small Mast Ftirnaces . — At Bajdoha small blast furnaces are 
employed, which are made of a mixture of mud from the hills of 



Fig. 69. — Blast furnace and native iron workers, Balem District, India. 


white ants, together with rice straw. The furnace is 4 feet 
6 inches in height, and tapers from an external diamotor of 
3 feet 6 inches at the base to 1 foot 10 inches at the top. Th© 
interior of the furnaces tapers in a similar manner from a 
diameter of 5 inches at the top to 1 foot 5 inches at the point 
where the bloom is formed. The blast is introduced by a single 
twyer, which consists of a hollow bamboo set with clay. The 
air is forced by means of a pair of goat-skin bellows, which are 
worked by hand by a native squatting on the ground. Small 
blast furnaces of similar construction, though differing slightly 
in detail, are used in many parts of India, and also in Africa. 
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A small blast furnace of this kind as used in the Salem district, 
and the native workmen, is shown in 'Fig. 59, from a photograph 
by T. H. Holland. The process described to the author by G. 
Davis as being conducted by the natives of Mashonaland, is 
almost identical witli that practised at Eajdoha. At Eajdoha a 
charge is worked ofl‘ in about six hours ; this requires about 
106 lbs. of charcoal, and yields an irregular pear-shaped bloom of 
crude iron, weighing about 38 lbs. ; no dux of any kind is added. 
When the bloom is ready, the thin wall of the front arch is taken 
down and the iron removed. The bloom, while still hot, is 
hammered into an irregular disc, and cut up into pieces about 
8 inches long and 2^ inches square ; these pieces weigh about 
5 lbs. each, and are in a convenient form for subsequent re- 
heating and working into bars. The cutting up of the iron in 
this way also ensures much gi’eater uniformity in the finished 
product. 

The following analyses by H. Harris illustrate the composi- 
tion of the crude iron, and of the finished bar produced at 
Eajdoha : — 



Crude Iron. 

Finished Bar. 

Carbon, .... 

Silicon, .... 

Sulphur, . - . . 

Phosphorus, 

Manganese, 

Iron, by difference, . 

/ 0*660 ) 

1 (chieflj charcoal) \ 
f 1*113 

\ (chiefly slag) ( 
0*005 

0*028 

0*013 

98*181 

0*030 

0*010 

trace 

0*013 

nil. 

99*94:7 

100*000 

100*000 


As might be anticipated from this analysis, the bar is soft 
and tough, works splendidly in every way, and is in great 
demand where it can be obtained, on account of its excellent 
quality. If this analysis fairly represents the character of the 
iron produced in India, it is evident that the metal is equal to 
the best obtainable from any other source, and suitable for the 
production of steel of the very best quality, and for use for 
electrical purposes when absolute purity is so ^uch desired. 
Its composition supports the statement made I in an ofhcial 
Indian handbook, that the metal is “perfectly toUgh and malle- 
able, and superior to any English iron, or even the best Swedish.” 

The slag produced at the same time as the above-mentioned 
iron had the appearance of tap cinder, but contained a number 
of cavities, apparently due to enclosed gas, and also fragments 
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of partly-consuHiecl charcoal. Its composition was as follows, 
the analyses being by H. Harris : — 


Ferric oxide, .... 

Per Cent. 
8 13 

Ferrous oxide, .... 

. 73-95 

Silica, . . . 

. 10*33 

Manganous oxide, 

0*23 

Alumina, 

, . 1*85 

Lime, 

2*49 

Magnesia, 

1 *07 

Sulphur, . . . 

0*03 

Phosphoric anhydride, 

0*35 

Charcoal and loss, 

1*57 


100-00 


This corresponds with 63*21 per cent, of iron, and it is evident 
from the increased proportion of lime, magnesia, and phosphorus, 
as compared with that present in the ore, that some, at least, of 
these constituents must have been derived either from the ash 
of the fuel or the walls of the furnace. 

III. TALL BLAST FURNACES. 

To this class belongs the ancient blast furnace or Stiickofen 
of Germany (Fig 1), which is now entirely abandoned in 
civilised countries. In the district of Malabar in Southern 
India, however, the natives use tall blast furnaces, which from 
the hearth to the throat are 10 feet high, and rectangular in 
section. At the throat the inside measurement is 1 foot from 
front to hack, and 3 feet from side to side. The interior of the 
furnace is widest about 4 feet from the top, where it measures 
2 feet from front to back, and 3 feet 6 inches from side to side; 
from this point the furnace narrows down to the hearth. 

Several furnaces are built together, and the walls below extend 
into a common platform, while above they are about 2 feet thick. 
The front wall of the furnace is only 3 inches thick, but is 
strengthened with wedges made of hardened clay and straw, and 
shaped like a 60® set square ; these wedges are inserted between 
the furnace itself and a wooden framework which binds the fur- 
nace together. The furnace walls are built of a mixture of red 
■clay and sand. The platform above-mentioned is a solid struc- 
ture, and adds greatly to the strength of the erection, while at 
the same time it acts as working-place for the man who charges 
the furnace. Immediately behind each furnace a pit is hollowed 
out, and into this the slag trickles, through a hole in the bottom 
of the furnace, and cools as a black ropy-looking mass. 

In front of each furnace two small platforms are erected, on 
each of which is a pair of goatskin bellows. Each pair of bellows 
is worked by one man, and the blast is introduced by separate 
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clay twyers, one on either side of the front of the furnace. 
Between the two twyers, in the front of the furnace, a row of 
about a dozen clay tubes is placed ; these tubes enable the work- 
man to see the interior of the furnace, and their ends are stopped 
with a daub of wet clay when not being thus used as peep-holes. 
In these furnaces a bloom of iron weighing 5 cwts. is produced in 
from forty-eight to sixty hours ; the ftoom is removed by break- 
ing down the lower front of the furnace, when the iron is allowed 
to cool for two days and is broken into small pieces for the market.* 

The chief seat of the iron manufacture of Malabar is at Nellum- 
boor, where the ore used is a black magnetite which is found in 
lodes in the laterite, or as gravel in the river beds. It is used 
in the condition of a powder, which is sometimes washed before 
smelting ; the fuel is charcoal, which is made in circular holes in 
the ground, from the wood of the irool tree, which yields a coarse 
hard timber. The timber is cut into pieces about 9 inches long 
and 4 inches in diameter, and yields a bright hard charcoal. A 
small quantity of dux is added in the form of sea-shells brought 
from the coast. The charge is added in small quantities at a 
time, each addition consisting of about 4 lbs. of ore, 8 lbs. of 
charcoal, and a few shells. The yield is only about 20 per cent, 
of the ore used 3 the product consists of two qualities. One of 
these is fibrous and is sold to the smiths, who fbrge it by hand, 
the other is crystalline and steely, and is melted in small crucibles 
for the production of steel. t 

The direct process adopted by the natives of India is not 
without its advantages, and is perhaps, under the circumstances, 
preferable to the production of cast iron as a preliminary stage of 
the process. Ore is so abundant that the use of fluxes is not 
necessary on the score of economy, while the production of a slag 
rich in ferrous oxide assists in removing phosphorus, when this 
element is present either in the ore or fuel 3 at the same time it 
renders the slag very fusible, and so saves fuel, and diminishes the 
danger of carburisation. The scouring effect of the slag on the 
sides of the furnace is but a slight drawback when the simplicity 
of the stucture is remembered, and the fact that the materials 
used in its construction are met with on the spot, while at 
the end of each operation a considerable part of the furnace 
is necessarily broken down, to allow of the removal of the 
product. If the native industry were conducted under proper 
direction also, instead of leading to the destruction of timber 
as at present, it might lead to the conversion of large areas of 
what is at present waste land into productive forests. 

For these reasons Holland is of opinion that the future 
of iron smelting in southern India is a forest question, and 
points out, on the authority of Sir Deitrich Brandis, that if a 

* T. H. Holland, Imperial Inst. Handbook, 1892, No. 8, p. 16. 

t Inst. Journ., 1891, vol. ii., p. 254. 
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large manufactory were erected to produce 10,000 tons < 
wrought iron per annum, by methods similar to those at preser 
in use, some 35,000 tons of charcoal, or 140,000 tons of woo< 
would be needed, and to obtain an annual production of th 
quantity of timber an area of 437 square miles of land, of sui 
able quality, in the immediate neighbourhood of the work 
would be required. Success is therefore much more like! 
to be obtained by a number of small works than by one lar^ 
one, and in this respect the conditions resemble those whic 
prevail in Styria and in Western America. 

H. M. Howe also points out that the direct process is moi 
specially applicable in some cases than others, and conside 
that its advantages are more marked with rich ores ; with chef 
ores, especially when de-phosphorisation is needed or where fu 
is dear ; and lastly with fuels of high calorific power which ai 
low in sulphur, but which for physical reasons cannot 1 
employed in the blast furnace. In these cases gaseous fu 
may be employed, and thus materials utilised which are unfitt( 
for use in blast furnace work.* 

The Husgafvel Process. — The Osmund furnace had been 
use in the Horth of Europe with little alteration for mai 
centuries, when in 1875 Husgafvel commenced experimeni 
with the object of obtaining better results, with larger furnac 
of this type. The result was not satisfactory, as the furna 
had to be blown out with the production of each bloom, ai 
thus much time and fuel were wasted. This difficulty was 
length overcome by the adoption of a movable cast-iron heart! 
and the height and capacity of the furnace were subsequent 
increased with considerable advantage. 

The Husgafvel furnace, which is shown in half elevation ; 
Eig. 60, consists of a wrought-iron shell resembling an ordinal 
blast-furnace casing, but surrounded by another wall or she 
extending from the hearth to the throat ; the space betwe( 
the two shells is divided by spiral partitions, and thus forms 
continuous spiral flue, coiled, as it were, around the furnac 
The blast passing through this flue is heated to about 200° ' 
The circulation of the blast through this flue is regulated by 
series of dampers, and if the blast temperature be too hig 
connection with the upper part of the flue is cut off. The fu 
nace is provided with four twyers, two on either side of t] 
hearth, while there are two holes for each twyer, one over t] 
other, the former being used when there is little metal in t] 
hearth, and the latter towards the end of an operation. TJ 
hearth stands upon a platform which can be raised or lower( 
a few inches, so as to allow of the production of a tight join 
the interval between the hearth and the furnace being lut( 
with clay. The slag is tapped off into a car through four ta 
* Metallurgy of Steel, 260 . 
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ping holes, one above the otber, in the movable hearth. 1 
chargo required to produce a ton of iron consists of about 
tons o£ lake ores, 1 ton of puddling cinders, and 160 bushels 
oharcoa.!- From two -thirds to four-fifths of the phosphoi 



Fig. 60. — Husgafvel furnace — part section. 

present in the charge is eliminated in the slag, but the bl( 
produced still contain too much phosphorus to he hammew 
rolled, and are melted on the hearth of the basic Siemens 
nace. It is found that the materials in the furnace sink : 
rapihy on the side at which the new hearth is introduced, 
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in. order to equalise this effect, the hearths are introduced alter- 
nately from opposite sides. The blast, in passing between the 
walls of the furnace, cools the materials, and to a great extent 
concentrates the reducing action in the lower part of the fur- 
nace ; consequently, the reduced iron has not time to take up 
sufficient carbon to produce cast iron. As the iron forms it 
sinks below the thin fluid slag, and in so doing, the carbon it 
has taken up is more or less oxidised, the amount of oxidation 
being regulated by the direction given to the blast, and by the 
composition of the charge. If hard iron or steel be desired, the 
temperature of the lower part of the furnace must be increased, 
and the inclination of the blast into the hearth diminished. 
When the operation is taking place properly, the light from the 
twyer hole is clear and bright, and the flame from the throat 
bright and lively ; while the slag should be light in colour and 
thoroughly fluid. If the furnace has been driven too fast, or if 
too much ore has been charged, the slag has a yellowish-red 
colour, indicating a great loss of iron. With increasing carbur- 
isation, on the other hand, the slags become less fluid. The 
amount of iron in the slags varies from about 18 per cent., when 
the softest kind of iron is produced, to about 7 per cent., when 
the product is somewhat steely. When soft iron is produced, 
at least two-thirds of the phosphorus present in the ore may be 
eliminated in the slag ; but when the ore is reduced as com- 
pletely as possible, the greater part of the phosphorus goes with 
it, so that if the product be high in carbon, it is also rich in 
phosphorus. It is not advisable to have the iron too low in 
carbon, or oxygen is absorbed, and the product is apt to exhibit 
red-shortness. In some works magnetite ores are used in the 
Husgafvel furnace ; the materials, both ore and slags, are then 
crushed small, and a corresponding improvement of output ia 
observed.* 


IV. RETORTS. 

During the last half century a very large number of processes 
have been suggested or introduced, with the object of producing 
iron in a state of commercial purity direct from the ore, and at 
the same time avoiding the disadvantages inherent in the more 
ancient methods. Eew of these modern suggestions have been 
carried out on any considerable scale, still fewer have met with 
commercial success, and at present there is no direct process 
known which has proved itself capable of competing for a length- 
ened period with the indirect or blast furnace process, where the 
conditions are favourable to the latter method. 

Chenot Process. — One of the earliest suggestions which met 

* See J. L. Garrison, Amer. Inst. Min. Encj., Feb., 1888; also, Inst, 
Joum.t 1887, vol. ii., p. 299; 1889, vol. i., p. 325. 
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with general attention was that introduced by Ghenot, a sponge 
of iron obtained by this process having been exhibited at the 1851 
exhibition, while a gold medal was awarded to the inventor at 
Paris in 1855. 

Several modifications in detail were afterwards introduced, but 
the process, as conducted at Hautmont, was as follows : — The ore 
used was a rich oxide from Sommorostro, in Spain, and was 
broken into pieces less than 2 inches cube. If poor or finely 
divid(id ores were employed, they were first concentrated and 
compressed, sometimes with the addition of a little resin, to pro- 
mote adhesion. The ore was then mixed with rather more than 
its own bulk, or about one-fifth its weight of charcoal, this quan- 
tity being more than sufiicient for reduction. The mixture was 
then charged into the luxating chamber, which consisted of a 
rectangular retort 28 feet high, and rather more tlian 6 feet long 
and 18 incdics wide. Two such retorts were placed vertically side 
by side ; tliey were supported on a pedestal of masonry, and sur- 
rounded by an elliptit?al truncated cone of firebrick and masonry, 
so as to allow of their being externally heated. The result of 
the operation was the production in about six days, including 
the time re(piired for heating and cooling the furnace, of a sponge 
of metallic iron which weighed about 12 cwts., while 30 owts. of 
rich calcined ore, nearly half a ton of charcoal, and 26 cwts. of 
coal were xised. If this sponge of iron were allowed to come 
into contact with the air while warm, it would at once burn and 
form ferric oxide. To avoid this a rectangular case of sheet iron 
or cooler was provided at the base of each retort, while below the 
cooler, and on a level with the ground, was a waggon running on 
rails for removing the cold sponge. The iron sponge, if properly 
reduced, was iron grey in colour, and so soft as to bo easily cut 
with a knife, while it oxidised so readily that it might bo ignited 
with a match. The sponge was either compressed, reheated, and 
rolled into bars of wrought iron, or if desired, was converted into 
steel by melting in crucibl(‘a, or at a later date on the hearth of a 
Siemens furnace. By a modification of the Ghenot process, the 
ore was lujated and reduced at once by the introduction of reduc- 
ing gas in regulated quantity at the bottom of the retort. In 
practice the Ghenot process proved slow and costly, and has 
now been almost, if not entirely, abandoned.* 

In the Blair process for the direct reduction of iron from the 
ore, an attempt was made to improve the Ghenot process and 
render it commercially successful. Each furnace consisted of a 
group of three vertical retorts, each 3 feet in diameter and 28 ieet 
high, and surrounded by a casing of brickwork, arranged so as 
to leave a combustion chamber between the outside of the fire- 
brick retorts and the inside of the masonry. The retorts were 
heated externally by gas jets, while ore mixed with carbonaceous 
* For full details see Percy, Iron and Steely i)p. 335-345. 
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matter was fed into the retorts. In a subsequent modification 
of the process vertical firebrick retorts were used, but the heat- 
ing was accomplished by a stream of hot carbon monoxide in the 
interior of the retorts ; other modifications have also been pro- 
posed. The result of the operation was the production of a 
sponge of metallic iron, which was cooled rapidly so as to prevent 
oxidation, and afterwards melted in crucibles to obtain tool steel, 
if the ore used were of special purity ; in other cases the sponge 
was melted in the Siemens furnace. Details of the operation 
and drawings of the apparatus have been given by J. Ireland.* * * § 
A process almost identical with that described by Ireland had 
been carried on independently, though only on a small scale, in 
America, by Mr. Yates, in 1860. f 

In the later modification of the Blair process finely divided 
ore, or concentrates, is mixed with ground charcoal, and the 
mixture is charged into hollow cast iron retorts, which are placed 
horizontally and heated externally. In each retort a hollow 
water-cooled arm, provided with plough-blades, revolves so as to 
incorporate the materials, deduction is complete in about three 
and a-half hours, and the product is cooled, mixed with pitch, 
and sold for the manufacture of open hearth or crucible steel. 
It may also be balled up in the puddling furnace. | 

The Adams (or Blair-Adams) Process. — One important 
modification of this process has recently been introduced in 
America, in which form a mixture of fine ore with about 15 per 
cent, of coal is charged into a vertical rectangular chamber (Pig. 
61), which is tapered to allow of the ready descent of the charge. 
Beducing gas enters through a number of openings at the sides 
of the vertical chamber, and assists in the reduction of the ore. 
This gas is first heated to about 1,000® P. by passing through 
regenerator chambers. The reduction is accomplished in about 
five hours, no temperature above a red heat being employed, and 
the chambers are sufficiently large to hold the materials necessary 
to produce 20 tons of iron; so that nearly 100 tons of malleable 
iron can be produced in twenty-four hours. This furnace has 
been worked at Pittsburg, and the iron produced has been trans- 
ferred directly to the hearth of a Siemens steel melting furnace.§ 
It may however, if desired, be allowed to cool in a close chamber, 
as shown in Pig. 61, taken from the Journal of the Iron and Steel 
Institute (Amer. voL, p. 317). 

This drawing illustrates the principle of one form of apparatus 
used for the Blair-Adams process at Pittsburg. The ore is 
introduced through the hopper at the top, and passes into the 
tapered reducing chamber, through which reducing gases pass 

* Imt. Joum . , 1878, vol. i., p. 47. 

p. 229 ; Percy, Iron and Steel, p. 345. 

t Iron Age, vol. xlii., p. 119; Inst Joum., 1889, vol. i, p. 328. 

§ Inst. Journ., 1890, vol. ii., p. 766. 
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in tho direction shown hy the arrows, the gas afterwards passing 
down to th(^ rcgeiuirators below. The spongy iron produced is 
rec(dv(‘d into tho cooling chamber at the base of the retort, and 
when cold can bo com pressed, and either reheated and rolled into 
bar iron, or m(dt(‘d for th(5 production of steel. In this instance 
solid fuel is disponscHl with, and reduction is accomplished by 
gasoouH materials. On some of the commercial aspects of the 
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Fig. 6L— Tho Blair- Adams direct reduction furnace. 

procosB tho roraarks of Bit L. Boll (ibid., p. 188) may be^ read 
with advantage, though they arc ’unfavourable to tho ultimate 
SUCCOHB of tbo plant, as this authority estimates the cost of pro> 
duction of iron by Blaids ])rocess to bo greater than by Siomons 
rotating furnace, which will bo afterwards briefly described, and 
to be^still greater than the cost of production by the relatively 
ineximnsive American bloomory. 
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V. EEVERBEEATOEY FURNACES. 

One of the first, if not indeed the earliest, of the attenapts to 
produce wrought iron directly from the ore in a reverberatory 
furnace was made by W. N. Clay, who had previously, in 1837, 
obtained a patent in which iron ore was reduced by heating with 
charcoal in a clay retort. This method proving unsuccessful, 
Clay charged the materials on the bed of a puddling furnace, 
and so in a single operation produced wrought iron, which 
was hammered and then rolled into bars. The ore used was 
haematite, which was previously passed through a J-inch riddle, 
and mixed with coal slack. The slack was prepared by washing 
in salt brine, and only the portions which floated were used. 
A mixture of soda ash, fireclay, and salt was also added, in 
proportion equal to about 12 per cent, of the ore employed, so 
as to flux away the impurities. A quantity of pig iron was 
added, in some cases, to assist in reducing the ore charged. 
The process was conducted on a commercial scale at several 
establishments, but in each case was ultimately abandoned, as 
the time taken was longer than in the ordinary puddling process, 
while the cost was greater and the quality of the product less 
uniform.* Some years after Clay^s process had been abandoned 
in England the idea was revived in America by J. Renton, who, 
in 1851, employed a reverberatory furnace for the direct reduction 
of iron ore— the chief alteration introduced by Renton being 
the use of a firebrick chamber some 10 feet high and 6 feet 
by 7 inches in section. This chamber was heated from 
the outside by the waste gases of the puddling furnace, and 
acted as a vertical retort in which preliminary heating and 
reduction occurred. The materials then fell on to the bed of 
the puddling furnace and were balled up as in Clay’s process. t 
This plan was adopted for a few years at Cincinnati, Ohio, and 
Newark, New Jersey, but was abandoned after having been 
thoroughly tried and proved to be commercially unsuccessful. 

Numerous attempts to carry out Clay’s process, with improve- 
ments in detail, have since been made, but it will probably be 
sufficient to refer to two of them, one due to the late Sir W. 
Siemens, and the second an American attempt to overcome some 
of the difficulties inherent in the Siemens direct process. 

Siemens Rotating Furnace. — After having experimented 
for some time with direct reduction in retorts. Sir W. Siemens 
in 1873 at length adopted a rotating-cylindrical furnace, which 
was made of wrought-iron plates rivetted together, forming a 
chamter about lOJ feet long, and the same in greatest diameter. 
2niis cylinder was arranged with its axis horizontal, was lined 
internally with a basic lining consisting of bauxite, magnesia 

* Percy, Iron cmd Sted, p. 330. t Ihid,, p. 334. 
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bricks, or ofclior suitable iriatc^rlals, which wore again covered 
with a lining of oxide of iron, which was obtained by introduc- 
ing a quantity of ferric and niagiK^.tic oxides, and strongly heat- 
ing whiles tlie furnace was caused to revolve. In this way a 
firinly-adlu^reut and yevb infusible covering was ol)taiu(5d, which 
was not attacked by the f<u*niginoiis slags produced during the 
subatMjuont operation, dhie rotating furnaci^ was luxated inter- 
nally by moans of prodiuuu' gas and air, which were admitted at 
one end, whih^ la^gtuusrators were (unploytal so as to (economise 
heat and allow of the production of a high tomptu’ature. The 
working door of tlio furnaci^ an<l tlie slag holes wore at the 
opposite cud of tlu^ luHating chajuber to that by which the gas 
entered, while water-cool iiig rings weni provided at each end, 
so as to diminish tlio wear of tlui v<meL gases entered 

with a vtdocity Hullunmit to cause tluuu to circulate right round 
the heating chamber, and to allow of tlu^ products of combustion 
being drawn olf by (diimiu^v drauglit from tlu^ sam('- (uid as that 
by which tlu‘ gaH(‘.s eutiunHl. The on^ (unployod was generally 
rich and (\asily rtnhic.ibh^ ; it was o])tain(Ml of the size of beans or 
peas, and, if ue.ct^ssary, a litth^ lime or otluvr Iluxiug inaterial 
was added. 1\) about I ton of such ore about 12 cwts. of roll 
scale (a rich varit’ity of magnetic oxide of iron) and G owts. of 
charcoal or small soft coal wi^re added. The furnace was then 
caused to slowly rotate, hy means of a small stc'am ejigine, 
during sorm^ threat or three and adialf hours, whtm a ball of 
about 9 cwts. of wrought iron was <>l)taiu(‘d, and the furnace, 
after tapping off the slag ami being slightly repaired, was red 
hot, and nnuly to rectuve auotlu^r charge. As a largo ball 
would ncH'.eBHiiate the use of largtu’ machinery, it was found 
convenient to arrange a numlxu’ of promimmees in the furnace 
lining, so as to H[>lit up the charge into several smaller balls, 
and tliis arrangesnumt had tlu^ adilitioual advantage that it pre- 
vented tht^ charg(^ sliding round as th(^ furnacci I'otatod, and so 
ensured tlu^ charge biung properly inixtul. It will bo noticed 
that tlie amount of iron actually ohiaiued by this process did 
nob represent nearly tlu^ whoh^ of that presemt in the charge, 
and the rotating furtnuu^ was not only wastidhd in this respect, 
but was also very costly in rcqiairs. At th(^ samo time, the very 
basic and (luld slag obtaimul h‘d to the almost complcd-o removal 
of phosphorus ami sulphur, and hence to the production of pure 
iron. Whether even the genius of Hir W, Sienicms, if he had 
lived, could liave ultimately led to modifications whiidi would 
have ensured succems, is doubtful, but it is a fact tliat soon after 
his death th(5 procims was abandoned, ami is now nob applied in 
any of the iron-making countries of thc^ world. 

Eamos’ Direct Process.— -A more recent process, described 
by A. E. ’Hunt, and adopted at the works of the Carbon Iron 
Company, Pittsburg, is based on precisely the same principle 
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as that last mentioned, but some dcdiails aro modiluHl with tho 
object of reducing tho loss of iron and cost of repairs.* oro 

employed is obtained from Minnesota, ami contains froin 02 to 
65 per cent, of metallic iron. It is ground to a fimi powder, in 
mixture with graphite, or in tho latest inodilication, with coke 
and a little lime, so as to pass through a si<n’o with sixteen 
meshes to the inch. Tho charge consists of 20 cwts. of on^, fi'35 
cwts. of coke, and a little lime; tho objc^ct of tho uses of eoke 
and lime instead of cliarcoal, is to retard the combustion of the 
carbon, and so give time for tho oxyg(ui of the ore to coinbino 
with the coke. This diminishes the waste of carbon in tho 
early stages of the operation, while the lime probably also ttmdi 
to combine with sulphur, and so improve tho quality of the 
product. The mixture, prepared as above deBcril)ed, is reduced 
at a moderate temperature on the bed of a gas-fired puddling 
furnace, which may bo heated with natural gas. If tho tempe^ra- 
ture be allowed to rise unduly, the iron sponge will absorb 
phosphorus from tho oro, and the loss by oxidation will also bo 
excessive. When reduction is accomplishtjd, the sponge is taken 
to a rotary squeezer, and the greater part of the slag is removed 
The iron can then, if j)rof(^rred, bo Hhingled, and aft(Tward» 
rolled into bars, though usually it is cliarg<‘d, while still hot, on to 
the bed of an open-hearth steel-melting furnace, and by nudiiiig 
with a suitable addition of pig iron is ultimaicdy convt'rtcul into 
steel. In this process tho cost of tlui pndiminary grinding of 
the oro is considerable, and it is esthnatiul that if oonducttHl in 
England in 1892, tho blooms which, after 8(|U(‘(*zing, contain 
about 93 per cent, of metallic iron would cost about X*4, 
per ton. The process is stated to have giv(*n satisfactory rc^sulti 
in Pittsburg, but has not yet been adopted in any Kurt mean 
iron-making district, nor is it likely to be so applied if the atwvo 
estimate is correct, as finished iron or steel produced by other 
methods could be purchased for less moiuiy.t 

* Inst. Joum,, 1888, vol. il, p. 252; 1889, vol ii, p. 423. 

t Ibid., 1882, vol ii., p. 252; spcoial volume, pp. 321, 499. 
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CHAPTER XIV. 

INDIRECT PRODUCTION OF WROUGHT IRON. 

CLASSIFICATION 01^’ PBOCESSES. 

Jt has alroacly been stated that, by the ancient processes, 
wrought iron was obtained by a single operation from the 
crude ore. It has also bexm shown that during the middle 
ages, at a period, tlu^ exact date of which cannot now be fixed 
with certainty, tall blast furnaces became genei'al, and cast iron 
was rc^gularly produced. That this is the cheapest and most 
convemiont method of producing iron follows from what has 
IxHUi btdbni writtem. Unfortunately, however, cast iron is not 
malh^abh^, and cannot bo worked by the hammer either when 
hot or cold, so that it becomes necessary to remove the greater 
part of its associated impurities before it can bo employed for 
the purposes of the smith, or the numerous other useful applica- 
tions to which it is put in daily life. 

This further purili cation is always accompanied by means of 
oxidation, thougli the details of the process employed vary 
according to whether the necessary oxygen is supplied chiefly 
from the atmosphere, or from other materials added for this 
purpose, and as to whether the iron to be purified is heated in 
contact with the fuel, or whether it is heated in a separate fur- 
nace or chamber to that in which the fuel is burned. For 
simplicity, the furnaces used for the indirect production of 
wrought iron may be classified into— (1) hearths, and (2) rever- 
beratory furnaces. In hearths the chief source of oxidation is 
atmospheric air, and the find is burned in contact with the iron 
to bo treated ; while in reverberatory furnaces the chief source 
of the necessary oxygem is magnetic oxide of iron, or other 
added oxidising materials, and the fuel is burned in a chamber 
separate from, though in communication with, that in which the 
metal is lieated. The methods of production of wrought iron 
from cast iron may also bo classified according to whether 
the operation is performed in a single furnace, or whotlier it is 
conducted in two staires, for each of which a separate furnace is 
usually required. When only one furnace is used, the iron 
operated upon is white, and the carbon combined ; while when 
two furnaces are needed, the first is called a refinery, and the 
operation conducted in this is merely preparatory, and leads to 
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the elimination of silicon from the grey iron which is used, in 
order to convert the carbon from the graphitic to the combined 
form, and the grey iron into white. 

I. HEARTHS. 

The date at which hearths were first employed for this pur- 
pose is unknown, though it was doubtless shortly after cast iron 
came into general use. It is probable that, in accordance with 
the ideas of the time, some German iron worker, finding that a 
single application of fire to the crude iron ore led to the removal 
of so much impurity and the production of an impure metal, 
argued that a second application of the same purifying agency 
might be again beneficial. No doubt, if this were so, the result 
of his experiment appeared to fully justify the theory upon 
which he acted. In all probability the early hearths were little 
more than small holes dug in the ground, such as are used in 
some parts of India for the same purpose at present ; or possibly 
an ordinary smith’s hearth msij have been used, in which it is 
quite possible to conduct the operation. These more simple 
hearths, however, gradually gave way to somewhat more com- 
plex forms which, with the processes conducted in them, were 
modified, according to local conditions, in various parts of 
Europe, until considerable complexity was obtained, and Pro- 
fessor Tunner, of Leoben, in writing on the German Frisch-ofen 
and other similar processes, classified them into fourteen sepa- 
rate methods (Freiberg, 1858). As, owing to the extended 
application of steel, these processes are now of much less im- 
portance than formerly, and in this country, at all events, are 
almost entirely superseded, they will not be described in detail, 
and it will be sufficient to briefly outline two representative 
modifications. Full details of others will be found in Percy.* 
The two processes selected for description represent respectively 
the method of treatment of white iron on the one hand, and 
grey cast iron on the other. The Germans speak of these as 
‘‘Frischen” processes, and this term is very convenient and 
expressive. 

(1) The Styrian Open Hearth.— -The following account is 
condensed from papers contributed to the aS'. Sta^. Inst., Feb. 
and Nov., 1889, by F. Korb and the author. It relates to the 
production of Styrian open hearth steel ; but as the works for 
the production of wrought iron are in the same neighbourhood, 
and similar in all respects, this description may be conveniently 
introduced^ here. It may be premised that in these works the 
iron used is white, and the process is conducted in a single fur- 
nace or hearth, the usual English term for which would be a 
Finery.” 
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These works are distributed along the sides of rivers in the 
Styrian Alps, each small works being at a slope or fall of the 
river capable of developing about 50 horse-power. 

The necessary power for the hammer is obtained by means of a 
breast waterwheel, substantially built of larch wood. Its outer 
diameter is 3*5 metres, it has 25 curved paddles, and makes 25 
revolutions per minute. There are five cams on the axle for 
working the hammer (a tail helve), hence there are 125 blows 
per minute. The hammer weighs 310 kilos. (6 cwts.), the lift is 
0*47 metre, and this requires neaidy 50 horse-power. The blast 
used in the process is obtained by means of a powerful turbine 
and blower, from which it passes 
to a regulator. It is then warmed 
by passing through cast-iron pipes 
placed in the chimney as shown in 
Tig. 62, which is an external. view 
of such a hearth. From this it 
will be seen that the size and sec- 
tional area of the chimney is very 
large indeed when compared with 
the small hearths with which it is 
connected. The object of this is 
to prevent the escape of glowing 
sparks, since the Styrian houses 
are built partly of wood, and are 
covered with wooden tiles, so that 
without special care a conflagration 
might easily take place. 

The actual hearth itself is rect- 
angular in plan, the sole, or work- 
ing area being about 0-74 metre 
(29 inches) long and 0*5 metre 
(19*7 inches) broad. The sides are 
formed of four cast-iron plates, each 
of which is inclined. The two 
shorter sides are respectively the form%achen and the windmchen. 
The formzacken is inclined at an angle of 80“ to 85 hanging 
over the hearth, while the three other sides are inclined in an 
outward direction, the windzachen at an angle of 67“, the 
hinterzacken or back plate at an angle of 80“ to 87°, and the 
sinterhkch or fore-plate (lit. cinder sheet) at an angle of 70“ 
to 76°. The blast pipe enters in the middle of the formzacken, 
and is thus at one end of the sole. The blast is supplied 
at a temperature of about 160° C. under a pressure of about 
25 mm. of mercury (about half a pound to the square inch ) ; 
the blast pipe is inclined downwards at an angle of 15“ to 20“, 
and the diameter of the pipe where it enters the hearth, 
or the form eye, is slightly over 1 J inches. The fore-plate is 



Fig. 62. —Styrian open hearth. 
General view. 
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provided with several holes at dilTorent heights for running off 
the slag. 

The Process. — The hearth is prepared by placing a layer of 
losche (or brasque) into the sole, and this is levelled by tlu^ work- 
man, who stamps it with his wooden-solcd shoes. A shovedful 
of hammer slag is then spread over, and the hearth filled with 
Vcsche nearly to the form, a small groove being made under tho 
form, and finally the cliarcoal is put on. Tho working lu^gdns 
with the reheating of the massel, or pieces of crude Bt(^(d from 
the previous operation, each of which weighs about IG to 20 lbs., 
and three of them being placed in the fire at once. Aftcm Ixfing 
thus heated and afterwards hammered into bars, the raw stool is 
taken, while still red hot, and hardened by b(dng thrown into a 
tank through which a stream of cold water constantly runs. In 
the meantime part of the pig iron has been introduced in the form of 
a pile or sheaf of plates (fiossengarhe)^ each of about 1 1 to 2 inches 
in thickness, and weighing together GO kilos. (132 lbs.). Tho pile, 
formed as described, is held by a pair of large tongs, which rest 
on the side of the hearth and are balanced by weights bung on 
their shanks outside. These tongs retain the cast iron in the 
desired position on the wind side, above the charcoal, where it 
is very gradually heated. It is then moved to the otluT end of 
the furnace (towards the wlndforin) and during this p(u*iod both 
metal and charcoal arc freely sprinkled with slag. Towards tlm 
end of the heating period, and when there arc only two niassd in 
the fire, the second Jlossengarhe, which weiglxs 40 kilos. (H8 Ihs.), 
is placed as before, on the wind side. When tlio luxating pt^riod 
is finished tho first pile is held over tho twy(ir, and as soon as 
the whole of this cast iron has melted down, the second pile, 
which in the meantime has been moved nearer the windforniy is 
treated in the same manner. As soon as tlie pig iron has nuslied 
down it is essential that tho temperature should be lowered as 
quickly as possible. For this purpose tho slag is tapped off into 
a tank of water, the blast is reduced, and a shovelful of wet slag 
is thrown into the hearth. From the above it will bo sotm that 
decarburisation, due to the combined action of the l>laBt and tho 
oxidising slags present, has proceeded very nearly as far as is 
desired at the end of the melting down stage. The raw steel 
should now be in the form of a lump, the top of which is some 
2 inches below the twyer. The lump after being lifted in tho 
hearth and cooled for fifteen to thirty minutes, so as to attain tho 
proper temperature, is taken to the hammer. 

The result of working a charge in tho Styrian open hearth is 
thus the production of a ball of raw steel, which weighs nearly 
200 lbs., and is called a flossel or dachely both words being 
employed ^ this is taken to the hammer and is divided in ten to 
twelve pieces, each of which is called a massel. The smaller pieces 
are reheated and hammered into bars. A little apparent com- 
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plexity is produced by the fact that in this process the ausJieizen 
(reheating) of the massel and the frischen of the pig iron go on in 
one and the same fii^e, and at the same time. The charge of pig 
iron weighs about 2 cwts., and the operation lasts three hours; 
the production is some 7 cwts. per day of twelve hours. The 
loss of metal is about 10 per cent., and the consumption of soft 
(pine wood) charcoal necessary to produce 2 cwts. of raw steel is 
1*87 hectolitre, or nearly 55 bushels.* It is obvious that by 
slight modifications in the details of manipulation, any kind of 
metal, ranging from the very softest and purest wrought iron to 
the hardest tool steel, can be produced in the Styrian charcoal 
open hearth at the will of the operator. 

Open Hearths for Wrought Iron . — The method adopted for the 
production of wrought iron by decarburising cast iron in open 
hearths in Austria is very similar to that just described for the 
manufacture of Styrian steel, the chief difierence being that the 
blast is regulated so as to be somewhat more oxidising, and the 
process of decarburisation is more complete. It is also usual to 
employ a more manganiferous pig iron for the production of steel. 
According to 0. A. Jacobsson,! there are three forms of open 
hearth in pretty general use — namely, the ordinary hearth with 
one twyor, as used for steelmaking ; a similar hearth with two 
twyors ; and a double hearth. Of these the double hearth is said 
to give tlie best results, and the single twyer the worst. The 
blast is frequently warmed by waste heat, and it is found that by 
raising the blast temperature to only 250“ C., the consumption of 
charcoal is reduced by about 11 per cent. The iron to be treated 
in any form of open hearth must be of a different character to 
that which is suitable for puddling, as conducted in the United 
Kingdom. It is stated by Jacobsson that iron which is grey in 
fracture, and which contains as much as 0*8 per cent, of silicon, 
is very difficult to treat in an open hearth, as so much 
silicon causes a red slag, bad iron, and great loss. The presence 
of much manganese also appears to be particularly objectionable 
in this process, for with above O'i per cent, the slag is red, and 
has a low melting-point ; the iron produced is of poor quality, 
while there is a great loss of iron and increased fuel consump- 
tion. Kanstrom J also confirms the fact that much manganese is 
objectionable in the open hearth, and mentions a furnace which 
worked badly when 0*55 of manganese was present; but the 
difficulty was obviated by reducing the proportion to 0*23 per 
cent. For satisfactory working when producing wrought iron 
in the open hearth, the silicon should not exceed 0*7 per cent., 
the phosphorus OT, and the manganese 0*4: per cent. Owing to 
the deficiency of oxidising slags, and the absence of fettling rich 

* Full details of this part of the process are given by Dr. Percy, Iron and 
Steel, pp. 783«6. 

t/ns^. Joum., 1891, vol. i., p. 376. tihid., p. 379. 
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in oxide of iron, it is necessary to employ compjyatively pure 
pig iron in open hearth working, since the oxidation ot the iin-” 
purities is carried on chiefly by means of magnetic oxide, pro- 
duced by the action of the atmosphere from the iron itstdf. The 
conditions are thus different from those of the ordinary puddling 
process, and more nearly resemble those of '"dry puddling.” 
The presence of any considerable quantity of im})urity in the 
pig iron to be decarburised therefore leads to greater waste-, and 
often also to an inferior product. 

The process, conducted in a single hearth and using white iron 
as above described, is not confined to Austria, but is specially 
interesting from, the fact that the celebrated Swedish iron, which 
has been imported into this country for centuries for the produc- 
tion of Sheffield steel of the greatest possible purity, is made by 
an almost identical method. At Dannemora what is known as 
the Walloon process has long been employed ; it derives its name 
from the Walloons, or inhabitants of Flandei’S, who introduced 
the process into Sweden in the reign of Charles XII.,* and differs 
but in minor details from that practised in Styria and other parts 
of Austria. The Swedish-Lancashire hearth is used for a similar 
process, which is stated to have been introduced into Sweden from 
Lancashire, and which is no longer practised in the United 
Kingdom. But as in Austria, so also iu Sweden, it has in recevnt 
years been found that more economical results can be obtained 
with larger hearths and a greater number of twyors than with 
the original form. 

In the three-twyer Lancashire hearth, as used in Sweden in 
1883, the third twyer is inserted at the back of the hearth, so 
that an ordinary two-twyer hearth can be readily converted into 
the more recent form. A four-twyer hearth was patonttMl by 
Stridsberg in 1885 ; this is practically a double hearth, having 
two twyers on each of its long sides, and is provided with two 
working doors. It is stated that a threo-twyer hearth uses a 
charge of 330 lbs. of white pig iron, the loss being equal to about 
14-5 per cent, of the iron charged. The consumption of cliarcoal 
is about 2-2 tons per ton of iron made, and the weekly output 
about 20 tons. The three-twyer hearth, with the same numl>er 
of workmen, has nearly 20 per cent, greater output, and saves 
some 15 per cent, of fuel.f 

The Franche-Oomti process is another process similar to those 
employed in Sweden and Styria. Its name is derived from a pro- 
vince in the East of France, where this method was long practised 
and probably originated. The hearth used is similar in principle 
but differs in detail from that used in Austria, and the process, 
as in all^ other modifications, may be divided into the three 
characteristic stages. In the first place white iron is molted in 

* Percy, Iron and Steely p. 599. 

ilnst, Journ., 1886, pp. 329, 929; 1888, vol. ii., p. 254. 
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a charcoal hearth ; secondly, the partly decarburised metal is 
cooled and broken up, so as to expose it to the oxidising influence 
of the atmosphere; while thirdly, the iron ‘‘comes to nature’^ 
and is worked into a ball or balls. The more modern hearths of 
this type have two or more twyers, are covered in to economise 
fuel, and employ heated air.* 

(2) The South Wales Process. — The Walloon and similar 
methods being only applicable to white iron, could not be used 
for the cast iron produced in the United Kingdom, the majority 
of which, owing to the use of mineral fuel in the blast furnace, 
and to the consequent presence of sulphur in the charge, was 
necessarily grey. If white iron were made under these circum- 
stances, it would be so rich in sulphur as to be unsuitable for 
the production of wrought iron of special quality, and it was, 
therefore, necessary to employ a somewhat higher temperature 
and a more basic slag, and so remove the sulphur and produce 
grey pig. This was then treated in two stages (first in a refinery, 
and afterwards in a finery) for the production of wrought iron 
for tin plates and other purposes where great ductility was 
required. The South Wales process has in recent years been 
almost completely abandoned in this country in favour of steel, 
and is now only used on a limited scale for the production of 
“ best charcoal iron,” or the fineries are used occasionally in tin- 
plate works as a convenient means of working up scrap. 

The refinery or “ running-out fire,” as it is commonly called, 
will be afterwards described. It consists of a rectangular hearth 
surrounded on three sides by a water-cooled iron casting ; air at 
low pressure is supplied by a number of twyers, the charge of 
pig iron is about 5 cwts., while the fuel employed is coke. The 
result of remelting grey cast iron in this way is that the greater 
part of the silicon and some carbon is removed, while the phos- 
phorus is generally but little affected. The product is run out in 
the fluid condition into a horizontal iron mould, and forms a fiat 
plate of white cast iron, which is known as “plate’’ iron. It 
is, however, usually broken up while still red hot and tender, 
into convenient pieces which are now ready for the second part 
of the process. 

This is conducted in two similar but smaller hearths, which 
are most conveniently arranged near to, but slightly lower than, 
the refinery, so that the fluid metal at the end of the first stage 
can be tapped out into the fineries. The size of the fineries is 
such that the two together contain the metal treated in the 
refinery. In other cases the metal is broken up as before stated. 
The fining operation is conducted as follows : — The finery being 
hot from the last operation, is filled with molten-refined iron, 
and any slag is removed in the form of a solidified crust. A 
basket of charcoal is then thrown in, and the blast, which is 
* Percy, Iron and Steel, p. 602. 
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cold and at low-pressure, turned on. The charcoal is wetted with 
water occasionally to prevent waste. The metal has in the 
meantime become solid, but is very friable ; it is now loosed 
from the bottom, broken up, and brought from time to time in 
front of the twyer. When the operation is about half finished 
a quantity of fluid cinder is tapped ofiT, and a fresh supply of 
charcoal added, and at the end of rather more than an hour the 
metal is collected into a ball and taken to the hammer, where 
the greater part of the intermingled cinder is expelled. Part 
of this hammer slag is returned to the furnace to increase the 
yield in a subsequent operation, while the iron is cut up and 
reheated in piles in what is called a “hollow fire.” 

The pieces which are called “stamps” weigh about 28 lbs. 
each j three of them are placed on a “staff” or bar of iron some 
4 feet long, to one end of which is welded a flat piece of the 
same quality as the “stamps.” The pile is then placed in the 
hollow fire and raised to a welding heat, when it is hammered 
into a bloom and nicked across the upper surface, after which, 
while still hot, it is doubled, and the two parts welded together 
so as to obtain a finished plate of uniform surface, the surfaces 
being, in fact, made from one piece. The hollow fire consists 
essentially of two small rectangular heating chambers, side by 
side, and separated by a wall of brickwork. Each chamber is 
connected with a fireplace which is supplied by one twyer 
with cold blast, and the fuel used is coke, the fireplace being at 
the side of, but somewhat lower than, the heating chamber. 
The iron is thus heated out of contact with the fuel, and the 
waste gases pass backwards over the fireplace, into what are 
called the stoves or heated spaces, where the iron is subjected 
to preliminary heating. These hollow fires give a very high 
and equable temperature, but differ from ordinary reheating 
furnaces in being smaller in size, in the employment of coke for 
fuel, in the absence of a chimney-stack, and the use of a blast of 
air. The heating chamber may thus be conveniently kept filled 
with a reducing atmosphere which is under a slight pressure 
from the blast, so that no air leaks into the furnace to oxidise 
or waste the iron. The plates obtained by hammering the piles, 
after reheating in the hollow fire, were afterwards cut to size, 
heated to a lower temperature, and rolled into black sheets. 
The process, as above described, is stated to have been intro- 
duced by E. Rogers at Pontypool in 1807 ; up till that date a 
method allied to the “ Lancashire ” process had been used, the 
iron being decarburised in a finery and reheated in a “ chafery,” 
which resembles a blacksmith’s forge.* 

* Percy, Iron and Sted, p. 590. 
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11. REVERBERATORY FURNACES. 

(1) Dry PuddliHg. — So far as we are aware, all the wrought 
irou made in this country was produced by means of the finery 
and chafery at the time when, in 1784, Henry Cort patented 
the use of the “reverberatory or air furnace — the bottoms of 
which are laid hollow, or dished out, so as to contain the metal 
when in a fluid state, and thus introduced the puddling process 
which was destined to be of such enormous benefit to the 
United Kingdom and to the world at large. Oort, however, 
though recognising the value of the use of scrap iron as an 
addition during the process, did not give any particulars as to 
the nature of the materials of which the bottom of the furnace 
should be made, and does not appear to have employed any 
form of oxide of iron for this purpose. Por a number of years 
afterwards it is known that sand bottoms were employed, and 
that these bottoms were built solid, as in the case of many forms 
of modern roasting furnaces. The result of this was that the 
oxidation which took place while, according to Oort’s directions, 
the molten iron was “worked and moved about by means of 
iron bars and other instruments,” was due to atmospheric action. 
The operation was, therefore, very slow, and only white iron 
could be used. At the same time the siliceous bottom was 
attacked by the oxide of iron produced, and this led to the 
rapid wearing away of the lining of the furnace, and to loss of 
time and irregular working. As the metal employed was white 
iron, which is never very fluid, and the amount of slag was 
relatively small, this original process is called “ dry puddling,” 
as distinct from the modern or “ pig-boiling ” process, in which 
a grey iron is employed, together with oxides of iron, which 
assist the purification of the iron and the production of fluid 
cinder. 

Oort’s original process was, however, improved in detail be- 
fore being changed in principle, as air-cooled cast-iron bottoms 
were afterwards introduced, while, by the use of the refinery, 
grey iron was converted into white iron by a preparatory treat- 
ment, and thus rendered available for use in the puddling 
furnace. 

Dry puddling, when first introduced, was accompanied by “ a 
waste of about 20 cwts. of pigs to a ton of puddled bars, or in 
other words, it took 2 tons of pigs to make 1 ton of bars j and 
for some years afterwards it required 35 to 30 cwts., even when 
the process became much better known”; and when the refinery 
was used before the introduction of pig boiling, the use of 26 to 27 
cwts. of pigs was considered good practice.^ At the time when 
sand bottoms were used, the puddlers seldom charged more than 
* Scrivcnor, p. 289. 
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2^ cwts. of metal, and could not work more than four heats’in 
twelve hours; the principal cause of delay arose from the 
puddler having to make a fresh bottom each time before he 
charged* In the modern puddling process not more than 21 
cwts. of pigs should be needed in order to produce a ton of 
puddled bars, and six heats of about 4i cwts. each are worked 
in twelve hours. 

The Beflnery. — The refinery or ‘‘running-out fire,” which 
was formerly in general use in Staffordshire, was carefully 



Fig. 63. — Refinery — section. 

sketched and described by Dr. Percy.f The author had an 
opportunity of examining the same refinery at the Bromford 
Iron Works a quarter of a century later, after it had been dis- 
used for some years; it is now demolished, and the refining 
procMs is no longer employed in Staffordshire, except occasion- 
ally for the production of “charcoal” iron, or for the melting 
down of scrap, which is in too large pieces to be used in the 

* Scrivenor, p. 289. t Iron and Sted, p. 621. 
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puddling furimc(\ The. rofiuory, which is shown in cross-seciioix 
in Fig. 6,*h consisted (essentially of a rectangular hearth, with 
thrcH^ wat(U’-cooled tvvY(vrs {/) on each side, which wore inclined 
downwards at an angk^ of about 45". Tlui sides and bacik wc^re 
wat(*r-cool(Hl holl(»w castings or waten* blocks (A), whihi tlui front 
consisted of a solid east-iron plate witJi tapping hole. The furnace 
l)ottom was nnuhu)!’ blocks of stone ((&) or briedework covered with 
sand. Tlu^ find us(ul was cokc^, with a cold blast of air of about 
3 lbs. pr<‘Ksur(} ptn* scpnin^ iiudn The space innnediately above 
the Inearth was eindoscd— -on the two sichis with cast-iron plates,! 
at tln^ hack with folding wrongbt-iron doors, and the front by a 
balanced wronght-irou door, which could he raiscal or lowered| 
during working. Abov(i was a short rectangular chimney of 
ntasonry (A) which was support'd on cast-iron columns. Tho 
blast, was r(‘gidatt*d by the valves (y). 

Tlie iuod(i of working was as follows The Innirtli bedng hot 
from th(^ last cliargi*, tlu^ folding doors w(^r(' o])t‘nod and coko 
thrown in ; on this th<5 <diarg(i of from 1 to 2 tons of pig iron 
was plaecid, and eoviu'cd with more cok(^, about half a hundred- 
W(‘ight of hamnuT slag was then added, and the blast turned on. 
The tmdal uudttal in alinut one and a-half hours, and was ox- 
pcm(ul to an oxidising blast for a further pendod of about half an 
hour, though thes time dcipcmded partly on the composition of 
th(^ iron employe.d. 

Th(^ cinchn* and metal w(‘re them run out together into a flat 
bed or mould in front of tlui refinery; it was quickly cooled 
with wat<n% and when the iron liad solidiliod the cinder was run 
off into a furtluhr mould. The product of the operation was a 
hard whiter iron, low in silham, which was known as plate 
iron” or ridimul m<d.al.” It usually contained a number of 
blowholeB, and practically its oidy a})plication was in the 
puddling process. 

13h!( following analyses of refined iron and refinory slag pro- 
duced at Bromford are (pioted from Dr. Jkjrcy*:— 


RJSriNKl) IllON, 


Carbon, , . . 3 ’07 

Silicon, . , . *03 

Hulplmr, ... *10 

Phosphorus, . . *73 

MangaaoHe, . . trauo 


RiajUNlSHY OlNIUflll. 

Silica, . . . 22 '76 

Ferrous oxido, . • 61 ’28 

Muiiganoiui oxido, • 3 ’58 

Alumina, . . . 7*30 

bimo and Magnoaia, • 4*17 


Tlie refinery cirnh^r thus consisted of ferrous silicate, which 
contaiiKHl ratlier less iron than ordinary puddling cinder, while 
the rciHult of refining was to considerably diminish the silicon 
and manganeses, and to somewhat reduce the proportion of phos- 
pliorus, sulphur, and carbon, originally present in the cast iron. 
The consumption of fued was about 4 cwts. of coke per ton of iron 

* Iron and Skel, pp. 626-7. 
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used, the loss of metal at least 10 per cent, of that charged, while 
the time taken, including repairs and tapping, was from two to 
three hours. 

The following analyses, illustrating the chemical changes which 
take place during refining, are by A. E. Tucker.* The greater 
phosphorus removal in this instance is due to the use of iron 
cinders, rich in oxide, which were not employed in the early 
sand-bottomed refineries : — 



Rhymney 

Forge 

Pig. 

After 

Melting. 

8 Mins. 

after 

Melting. 

12 Mins. 

after 

Melting. 

16 Mins. 

after 

Melting. 

22 Mins. 

after 

Melting. 

Refined 

Metal. 

Carbon, . 

3-52 

3-42 

3-36 

3-32 

3-30 

3*20 

3-15 

Silicon, . 

1*86 

•62 

*52 

•38 

•32 

•24 

•20 

Phosphorus, . 

1-72 

1-65 

1-50 

1-46 

•85 

*85 

•80 

Sulphur, . 

•05 

•05 

‘05 

•04 

•04 

•04 

•04 


(2) The Modern Puddling Process. — The following outline 
of the history of the introduction of this process, and a brief 
description of the method of working, are based on notes for- 
warded to the author from an unknown source. They are sub- 
stantially in accord with the account given by Joseph Hall 
himself in a rare book,t and with that given by Dr. Percy. J 
The pig-boiling process was introduced by J. Hall, a founder of 
the firm of Barrows <b Hall of Tipton, Staffordshire, about the 
year 1830. Hall was a thoroughly practical man, and noticed 
that the process as then conducted required much time, and 
rightly attributed this to the use of sand bottoms, while he also 
noticed that the waste in the refinery was greater than that 
which took place in the puddling furnace when the process was 
properly conducted. The first step in the change was the sub- 
stitution of old furnace bottoms, broken into pieces, for the 
ordinary sand bottom, the result being that, by the use of this 
oxidising material, the process was shortened and the refinery 
dispensed with. The next difficulty that arose was connected 
with the furnace itself, which at this period was constructed 
simply of firebrick and fireclay, materials which were in practice 
incapable of long resisting the intense heat employed. After a 
time, however, a frame of air-cooled cast-iron plates was sub- 
stituted, and so the present form of puddling furnace originated. 
As the process came into more general use old bottoms gradu- 
ally became scarce, and it was necessary to find a substitute. 
This was at length obtained by calcining tap cinder, the slag 
made in the process itself. By this means part of the ferrous 

* S, Staff. Inst., Jan., 1887. 

+ The Iron Question, London, 1857. 

$ Iron and Steel, p. 689. 
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silicate is oxidised to the ferric condition, and is thus rendered 
“both less fusible and more capable of supplying oxygen to the 
charge. This calcined tap cinder is still employed for the same 
purpose to a limited extent under the name of “ Bull-dog.” The 
process itself is conducted as follows : — 

The furnace is lirst charged with a sufficiency of fluxing cinder 
or ‘‘ hammer slag,” which has been squeezed out under the ham- 
mer from prcivious balls, and there is then introduced rather more 
tlian 4 cwts. of good grey forge iron. The door is closed and 
the charge is them heated to molt the iron, and the most favour- 
able results are obtained when the iron and the cinder, charged 
as above described, become pasty and melt down together. 
Owing to the greater proportion of graphitic carbon in the iron, 
and tln^ greater quantity of cinder employed, bhe charge becomes 
much more liquid when melted than in the original process- 
When the iron has thoroughly melted down and has become 
fluid, it is cari'fully watched until it has cleared,” and until a 
number of small blue jets of flame issue from the surface of the 
liquid. The damper is now “put down,” or closed, so as to fill 
the furnacf^ with a reducing atmosphere and lower the tem- 
perature somewhat. In a short time the jets of blue flame 
almost cease, and the mixture of iron and cinder rises in the 
furnace to a height of some 8 or 10 inches, and during this stage 
constant stirring or “ rabbling” is necessary to prevent the iron 
settling on to the bottom of the furnace, and to assist the decar- 
burisation by bringing the iron and cinder into uniform and 
intitnate contact. The whole mass should now be in motion, 
and bubl)leB of gas should rise and burn with a blue flame, tinged 
more or less with yellow, at the surface. When the “boil” is 
thus in full progress, or “well on,” tho damper maybe raised 
somewliat, and the iron will soon be observed to “come to 
nature ” or to separate from the cinder. Tho lirst sign of this is 
the appearance of small bright spots on the surface of the cinder, 
■which alternately appear and disappear. The cinder now gradu- 
ally sinks and heaves the iron as an irregular mass, not unlike 
the small globules or grains of butter produced by tiie churn ; 
and as in good butter-making so in good puddling, tlie grains 
should be small and uniform throughout the mass. Tlie tem- 
perature sliould now bo raised to the highest point so that the 
iron may bo at a welding heat ; tho puddler after lirst lifting 
the metal and turning it over, by inserting a bar underneath in 
order to prevemt tho bottom becoming colder than the top, and 
breaking it up, proceeds to collect it into balls, which are taken 
to tho hamme^r. 

The following brief directions for conducting this process, given 
by J. Hall himself, are worthy of being here recorded : — First, 
oharge the furnace with good forge pig iron, adding, if required, 
a sufficiency of flux, increasing or diminishing tlie same in pro- 
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portion to the qxmlity and nature of tlie iron ub(hL H(H*ond, 
melt the iron to a Ijoiling or liquid consistency, lliird, ehvir 
the iron thoroughly before dropping the (lani{)er. I<'oin*(h, 
keep a plentiful Ksupply of fuel on tlu^ grate. hiftlL regulate 
the draught of the furnace by th(‘ <Iainper. Sixth, work the 
iron into one mass before it is divided into balls ; wluui thus in 
balls, take the whole to the liamnuT as (|uiokly as ]) 0 SHibl(*, after 
which, roll the same into bars for mill purpos(‘H. bars 

being cut into lengths, and piled to tlu^ (h^sinal weights, are 
then heated in the mill furinice, w(‘l<l{‘d, and eomprt'SHed bj 
passing through the rolls, and thus iinislnul for iln‘ mark (it. 

Oxidation in Puddling. — The following nunarks on the 
oxidation of cast iron under different conditions, eoinhuisisl from 
a paper by the author, will ex])lain the diiferenctm IxitwtH'n the 
old and newer processes of puddling t 

It is usual to speak of atinosplnmic air us oxidising and re- 
moving the impurities pnissent in cast iron, but if a globuhi of 
cast iron be melted in the air, and then exposed to a blast of 
air or oxygen, it will be obscu'ved tliat tln^ iinpnrit.i(‘H not 
the only substances tliat are oxidised. It is true tljat, tinder 
very special conditions, eith(‘r the carbon or the Hilicon may be 
separately oxidised. But on performing the (^xperiimmt above 
indicated, it will be found that the iron itself is oxidistHl in 
about the same relative proportion as the other (dmueni-H, and 
the result is that practically a layer of impure magmduc oxide 
of iron is formed outside the globule, while the portion of metal 
that is left is of nearly the same coiti position as the original 
iron. If the cinder be allowcMl to run away as rapidly as it is 
formed, ultimately the whole of the iron woidd be conviTted 
into magnetic oxide, and the last particle of cast iron ho rtunoved 
would have nearly the same composition as the original nu'tal 
In this case oxidation has taken place, but no purilication has 
resulted. 

If, now, the same experiment be tried, but the fluid oxide bo 
allowed to remain and to cover the fused medal, the oxidation 
of the iron will proceed very little furiht^r ; a reclueing motion 
will then be commenc(‘d whereby the silicon, carbon, and other 
easily oxidisable elements will be removed, bat at the Hamt* time 
a corresponding weight of iron will be returned to the globule 
from the surrounding slag. But if, thirdly, a globule of east 
iron be covered witli magnetic oxide of iron to protc'ct it from 
the air and to supply the necessary cindem, and it be then 
strongly heated, it will be foxtnd that the globule has not lost 
in weight, but has become distinctly heavier during the proeesw. 
It is scarcely necessary to say that the waste which takes place 
during reheating or remelting, corresponds to the hrst condition 

* The Iron Question^ p. 27. 

t Presidential Address, 6'. Sta^, IntL, 1892, 
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above given. The oxide runs away as it is formed, and this is 
an example of waste of iron pure and simple. The only redeem- 
ing feature is that sometimes the oxide produced may be of 
value for other purposes. The early open-hearth processes for 
producing wrought iron in fineries, and the original method of 
puddling, resemble the second case, for part of the iron is wasted 
to produce the cinder needed to remove the impurities from the 
remainder of the metal. The larger the proportion of these 
impurities, the greater will be the loss of iron necessary to make 
the required cinder, and for this reason a comparatively pure 
iron is needed, in order to obtain the least waste, while at best 
the waste is comparatively great. A deficiency of fluid cinder 
in the early stages of ordinary puddling or “pig boiling,” 
has an exactly similar effect, and leads to waste for the same 
reasons. 

In the modern method of working, on the other hand, the 
object is to imitate the conditions of the third case previously 
supposed. Oxide of iron can be bought much more cheaply 
than it can be made from pig iron, and, besides, the oxidation 
of pig iron requires the expenditure of time and fuel. Oxide of 
iron is, therefore, supplied in its cheapest and most readily 
available form, and as much of this oxide as possible is reduced 
and converted into wrought iron. To do this, it is necessary 
that the iron and fluid oxide should be brought into actual and 
frequent contact, and so perfect fluidity and constant rabbling 
are needed. There is, of course, a practical limit to the amount 
of carbon which can be present, due to the fact that cast iron 
cannot take up more than a certain amount, say 4 per cent., of 
this element. There is also a practical limit in the case of both 
silicon and phosphorus ; the first being regulated by the in- 
creased consumption of time and fettling with excess of silicon, 
and the second being determined by the inferior quality of iron 
produced, witli large proportions of phosphorus. Eat within- 
these practicable limits it is advantageous to reduce as much of 
the oxides of iron supplied as possible. 

- The original puddling process is not now employed, and the 
use of the refinery has been almost entirely abandoned in Staf- 
fordshire and other leading iron-making centres in Great Britain 
and America, a grey iron being employed, with rich fettling, 
instead. White cast iron is still puddled on the Continent by 
the variety of the puddling process which depends upon the air 
for oxidation, and which is known as lAiftfrischen^ but the pro- 
cedure which most nearly resembles the original puddling pro- 
cess is that which is adopted for the production of best Yorkshire 
iron, and which is still conducted, on a somewhat considerable 
scale, almost exactly as was the case a century ago. This pro- 
cess, which is somewhat intermediate between dry puddling and 
pig boiling, may be conveniently considered here. 
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Best YorksMre Iron. — The wrought iron of West Yorkshire 
has long been famed for its special oxccll(*nco, such nameH ns 
Bowling and Lowmoor being known all over the world. The 
Bowling ironworks were started in 1788, and Lcwmoor about 
three years later. This manufacture is distinct from that in othc^r 
districts, both in the materials used and in the dcdails of produc- 
tion. The ore from which the pig iron is produced is a clay iron- 
stone of a brown colour, which occurs on the proptu’ty of the 
forges, and which contains about 82 per cent, of nuitallic iron, or 
after calcination about 42 per cent. The coal rm^asureB in which 
the ore occurs supply a coal low in sulphur, and very suitahh^ for 
furnace purposes^ the limestone also is obtained in the mughbour- 
hood. The blast furnaces are driven with cold blast, the charge 
per ton of pig iron being about 50 cwts, of calcined ore, 80 cwfcs. 
of coke, prepared from the coal above-mentioned, and about 
20 cwts. of limestone- The weekly yield of a furnace making 
this class of iron is about 150 tons. The cast iron so obtaiiHHl 
is treated in refineries, in charges of about 2 tons, and aft<T 
refining is run out into a large flat iron mould. The white iron 
so obtained, known as ‘Opiate motay^ is reheated and charged 
hot on to the bed of the puddling furnace. • The btsd of this fur- 
nace is smaller than usual, and the stack is higluT, so iliat ihcu'O 
is a stronger draught in the furnace and a highc‘r fuel consump- 
tion. The charge usually weiglis only about 8 cwts., and the fuel 
consumption is 80 cwts, of coal p(n* ton of ])uddle<l bars. 

The general character of the change's tliat tak(^ place during 
puddling Yorkshire iron are the sanu^ as in tln^ ordinary proct'SH, 
except that as the metal used is fre(^ frotti silicon tiim^ is 
shortened, especially in the early stages ; the whohi op<iration 
only lasts about one hour and twenty minutes, so that juiu^ or 
ten heats can bo worked in a turn of twelve hours. As ihe^ tem- 
perature is also somewhat higher, this assists the more cornph^to 
dephosphorisation and quickens the process. From tln^ moment 
the metal is melted, or about twenty-five minutes after charging, 
the iron must be constantly rabbled by the puddler, and when 
it comes to nature it is made up into four balls of about 90 Ibi. 
each. These are taken to the helve and shingled into blooms or 
“noblins,” about 12 inches square and 2 inches thick. These 
are broken under a falling weight, and the jneces are sehsetad 
according to the appearance of the fracture for different purposes; 
the softer and fibrous pieces are used for purposes where special 
malleability is required, while the more crystalline and hardest 
kinds ai’e employed for bars. In either case the slabs are piled, 
reheated, welded under the hammer into billets, and after being 
again reheated they are rolled into the rtjquired form. The 
author is indebted to Mr, Mather, general manager of the 
Bowling Iron Company, for revising the above brief account of 
the process as now conducted in West Yorkshire. 
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Tlie following analyHca, given by Sir L. I^ell,* illustrate the 
coinpositioii of the cold blast pig iron and the r(dinod metal 
employed at Howling, and also thafe of the hnished iron 
obtaimul 



1 

(Joid niuHt fik. 

Rolluod M<3tal. 

FiniHliod Iron. 

' Carbon, 

:b(>r>o 

3*342 

0*220 

j Silicon, 

Sulphur, . 

1 •2r).o 

0-130 

0*109 

()-{)33 

()-()2r) 

0-012 

! fliOHphorus, 

0-505 

0*490 

0 004 


The total loss in th(‘ production of best Yorkshire iron is about 
15 p(‘r amt. of th(‘ pig iron u.s(k 1; this loss is about (xjually divided 
betwiMUi ndining jiikI puddling. 

At Ijowmoor cold blast iron is exclusively used, a rich grey 
forgt' (|uality b(‘iug prtde.rred with about 1 to 1*25 per cent, of 
eilieon, and 0*5 per cent, of phosphorus. No pig iron is puddled 
witliout pn^vious ndining; this (diminabjs the silicon, reduces 
the idiosphorus to about 0*1 per ctuit., and h‘aveB the carbon 
practically uutouclu‘d. The puddhu', thendbre, has only to 
eliminatt^ the carbon and the small quantity of phosphorus 
presimt. I’en heats of ndined metal, each weighing 3 cwts., 
an^ worked per turn, and uniformity of quality is (uisur(‘d by 
careful inspection and a special systiun of rewards to the best 
workmen. TIh^ balls ar<i worked by steam hamnums into slabs 
of varying thickness, and about 1 foot long by 10 inches wide ; 
these are afttu'wards reheated and rolled into tlio required 
ihapi‘.t 

liest Yorkshire iron will stand the fire well— it will allow 
of being frtH|mmtly lu'ated to a high tenqx'raturo and smithed 
without det<n*ioration. Jt widds readily, and is of groat uni- 
formity in <|uality. Ik^st Yorkshire plates sujiport a tcnsilo 
test of 22 ions peu* H<piare inch with th(i grain, and 20 ton» 
across the grain, with an (dongation of 10 and 10 per cent. 
ri^Hp(H.;tively, while bars havi^ a tensile strength of 24 tons per 
square inch, and an elongation of 25 per cent. Adilitional 
tmisik^ strength can he olitaim^d if desired, but this is accom- 
panied by a reduc(‘d ductility, f 

Mamafacture of Bussian Shoot Iron. — A particular kind 
of sh(%et iron, famous for its smooth, glossy surface, is manufac- 
tured in the districts to the east of the Ural Mountains, in Russia. 
The colour of this iron is dark metallic grey, and not bluish gri^y, 
as with common sheet iron. On bending this iron backwards and 

* Principles of Manufacture of Iron and Steel j p. 300. 
t Windsor Richards, Inst, JourtL^ 1893, vol i,, p. 22. 
it Sir J. Kitson, Inst. Joum.^ 1BB9, vol, i., p. 14. 
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forwards with the fingers, no scale is separated, as is the case with 
sheet iron manufactured in the ordinary way by rolling ; but, on 
folding it closely, as though it were paper, and unfolding it, small 
scales are detached along the line of fold. The cast iron from 
which this sheet iron is prepared is smelted from local ores in 
charcoal furnaces, and is then converted into wrought iron, 
either in puddling furnaces or in small charcoal fineries. The 
puddle balls so obtained are crystalline and somewhat steely in 
character; they are rolled by water power into bars about 
5 inches wide and ^ of an inch in thickness ; these bars are cut 
up and reheated in a closed muffle furnace of special construc- 
tion, employing wood as fuel ; they are then cross rolled in 
packets of three sheets. Just before rolling, a small quantity 
of charcoal powder is sprinkled between the sheets, and this 
prevents their sticking together in places as is not unusual in 
the ordinary process. The sheets are now sheared to about the 
required size, and are annealed in closed packets in a wood fire 
for five or six hours. The annealed sheets are made up into 
packets of about 70 or 100, and are tlien hammered, by water 
power, with a very smooth and hard-faced hammer; this in- 
creases the size of the sheets and improves the surface. They 
are then finished by hammering in the same way under a finish- 
ing hammer, though in this case each sheet is placed between 
two other sheets which have been finished in a previous opera- 
tion. The packets thus contain some 200 sheets during the 
finishing process, and by the use of finished sheets, in this 
manner, the resulting surface is much improved. The late Dr. 
Percy published a description of this process in a pamphlet on 
The Manufacture of Russian Sheet Iron (London, 1871). In this 
it; is stated that the samples he examined contained a trace of 
copper, but no sulplmr or phosphorus, while the carbon in one 
sample was 0 06 and in another 0-305 per cent. A more recen 
description has been given by F. L. Garrison,* wlio visited the 
works where this variety of sheet iron is manufactured, and 
saw the process conducted as above described. 

* Inst. Journ.^ 1888, vol. ii., p. 284. 
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THE PUDDLING PROCESS. 

Arrangement of tlie Works. — The site chosen for the erection 
of iron works should be, if possible, lerel, well drained, and firm, 
so as to afford a good foundation. Usually a rectangular piece 
of ground is preferred, and easy access to rail and water carriage 
is necessary for all large works. The plant is divided into tw'o 
separate portions ; one, called the “ forge, contains a number of 
puddling furnaces, placed conveniently in the vicinity of a central 
steam forge hammer, and set of forge rolls or other appliances 
for treating the balls of crude iron, the whole being arranged so 
as to allow of ready access to every part of each furnace. The 
other portion of the plant is called the ‘‘mill,” and consists of 
a number of reheating or mill furnaces, which are larger than, 
though they otherwise generally resemble, puddling furnaces, 
and which are arranged near to the rolls necessary to produce 
the various shapes or “sections'’ of finished iron which naay be 
required. If iron forging forms part of the routine, a steam 
hammer or hammers may also he employed in the mill. The 
mill and forge are both covered with a roof, so as to protect the 
workmen from sun and rain; while the sides are open, so as to 
allow of free ventilation. The floor of the works is usually 
formed of cast-iron plates, which are clean, and convenient for 
the conveying of heavy masses of hot or cold metal. 

The Puddling Purnace. — The ordinary puddling furnace is 
a single bedded reverberatory of simple construction, formed 
externally of cast iron plates, tied together with wrought-iron 
rods, and provided with suitable openings in front for the fire 
hole and the working door, and lined internally with refractory 
firebrick. The crown of the furnace is also of firebrick, and is 
open to the air. The bottom of the furnace is composed of three 
cast-iron plates, which rest upon an iron frame. The grate of 
the furnace has wrought-iron fire-bars, and is large in proportion 
to the bed or crucible part on account of the very high tempera- 
ture required, particularly towards the end of the process. 
Each puddling furnace is provided with a separate fiue, which 
is either connected to a simple rectangular stack, provided with 
an iron damper, or which passes into a boiler fiue so as to 
economise the waste heat of the furnace. In many iron works 
puddling furnaces are arranged on both systems, as if all the 
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furnaces were connected to boilers more steam would be 
generated than could be profitably used. The firebridge 
is made of cast iron; it is protected by firebrick, and is 
cooled internally either by means of a stream of water or in 
some cases by a current of air. In the latter method of 
cooling, one end of the firebridge casting is left open, while 
the other is connected with an iron tube some feet in length, 
like a stove pipe, which assists in producing the necessary 
draught. The working door is balanced so that it can be 
readily raised or lowered, and is sometimes cooled by the 



I insertion of a wrought-iron pipe, through which water circulates. 

At Menden, in Westphalia, a hanging water-cooled sheet-iron 
screen, is used to cover the whole surface of the heated casing 
plates, and is removed before the metal is balled up.* 
Generally, however, the only protection the workman has is a 
sheet of wrought iron which can be slid so as to partly cover 
the furnace door while the charge is being worked. A general- 
view of such a furnace, from a photograph by the author, is 
shown in Fig. 64 . 

Two men are employed at each furnace, and are called the 
* Insi, Joxirn., 1890, vol. ii., p. 765. 
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puddler ” and the “ under-hand ” respectively. The work is 
very laborious, while it entails no little skill if good results are 
to be obtained. Usually six heat^ are worked in a turn of 
twelve hours, but exceptionally seven heats are obtained, as 
advocated by H. Kirk,* in which case a special iron, containing 
less silicon and phosphorus than usual, is employed. 

The ordinary puddling furnace which has been in use for 
many years in South Staffordshire is shown in Fig. 65, which is 
taken from drawings supplied by K. Edwards, of Walsall, a 
forge manager of considerable experience. 

The framework of the puddling furnace is composed chiefly of 
castings which are generally cast in open sand moulds, as this 
method of production is cheaper and the finish of the castings 
so produced is sufficiently good for the purpose. There are 
about sixty separate castings in an ordinary single puddling 
furnace, and it may be of interest to record the names of these 
as given in a list prepared by a Sub-Committee, of which the 
author was a member, appointed by the South Staffordshire 
Institute in 1893 to consider the best shape of puddling furnace 
as at present in use. The list so prepared included the following 
castings for outside the furnace : — Foundation plates, fire hole 
plates, bridge jamb plates, flue jamb plates, tail end plate, flue 
end plate, centre plate tail end, centre plate back end opposite 
door frame, tie plate underneath breast plate, breast or tap hole 
plate, fire plate, door frame, door, and fire hole plate. For the 
inside of the furnace the following castings are necessary: — 
V-bearers for grate bars, bearers for bottom frame, bearers for 
bottom plates, side plates for grate bearers, bearers for tail end, 
bottom frames, bottom plates, firebridge bearer, firebridge plate, 
flue bridge plate, flue jamb plate, bridge jamb plate, large back 
wall plate, small back wall plate, and plates for carrying back 
walls and jambs. In addition to the foregoing cast-iron plates 
and castings, wrought iron is employed for the hangers inside 
the furnace, the tie bars, bolts, nuts, and cramps, and also for 
the lever and hanger of the door. 

Anderson’s Puddling Furnace. — In the form of puddling 
furnace patented by A. Anderson, of Sunderland, the end and 
crown of the combustion chamber, of a puddling furnace of the 
usual type, is formed of a double wall of bricks ; between the 
two walls are brickwork air passages, which are formed by 
pitching off the interior wall in a particular manner with special 
bricks. These passages are zig-zag, thus A AAA, and the air in 
passing through them becomes heated and is delivered hot at 
the firebridge. It is claimed that such an arrangement, by 
keeping the outside of the furnace cool, reduces the cost of 
repairs, while, by introducing a regulated quantity of hot air at 
the bridge, more complete combustion is obtained and little or 
* S. Stajf, List.f August, 1887. 
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no smoke is produced. This is an application in another form 
of the principle adopted on the Continent in the Boetius furnace, 
and in this country in the Smith-Casson reheating furnace.* 
Anderson’s method of construction has been adopted in several 
important iron works in the north of England, and is employed 
for ball, mill, and other furnaces in addition to puddling. 

In some cases double furnaces ” are employed. They may 
be regarded as two ordinary furnaces placed back to back, and 
with the dividing wall removed, they take a charge equal to 
that of three ordinary furnaces, and employ only four men. 
They thus save labour ; but the result is generally considered to 
be less satisfactory owing to the difficulty of getting uniform 
results with larger masses of metal, and the fact that the men 
seldom work equally and satisfactorily at such furnaces. 

At North Chicago a “double-double” furnace has been used. 
It has four times the capacity of the ordinary furnace, and has 
two doors on either side directly opposite each other, so that 
four men can work the charge at one time. The charge, 
weighing about 1 ton, is brought in a ladle from the blast 
furnace, and charged in the fluid state into the puddling 
furnace, thus saving labour and fuel. This furnace is stated 
to have given good results, but its use has apparently not 
extended, t 

Numerous attempts have been made to introduce modifications 
into the shape or working of the puddling furnace with the 
object chiefly of saving labour and fuel. Some few of these 
forms which are in actual use, or which had been employed on 
a large scale, will be briefly described later ; but in the TJnited 
Kingdom the tendency has been for some years past to revert 
to the ordinary single furnace, with merely such alterations in 
minor details of construction as have been found to diminish the 
cost and to facilitate repairs. 

Settling. — The different varieties of oxidising material or 
fettling used in the puddling furnace may be classified accord- 
ing to their relative fusibility, and, generally si)eaking, the in- 
fusible kinds are more costly and contain less impurities than 
the fusible varieties. 

(1) Fusible . — These consist essentially of ferrous silicate, with 
more or less magnetic oxide of iron. The commonest form is 
hammer slag, or the cinder obtained from the compression of the 
puddle balls. It closely resembles tap cinder in composition, 
but is somewhat richer and more pure than any cinder which 
runs out of the ])uddling furnace. The puddler usually regards 
this not as fettling proper but as “flux,” and the object of its 
use is to provide a bath of fluid cinder into which the globules 
of cast iron may trickle as the metal melts. In this way con- 
siderable purification is obtained during the melting-down stage, 
; * Inst. Journ., 1884, vol. i., p. 60. t Ibid., 1888, vol. i., p, 323. 
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while if there is a deficiency of fluid cinder the operation is 
delayed until the necessary quantity has been produced by the 
melting of fettling, or oxidation of the iron. Any deficiency of 
flux, therefore, leads to waste of time, fuel, and fettling, and 
also to an increased waste of iron. The amount of flux required 
varies with the iron to be treated, but may be taken in round 
figures as about ^ of the pig iron charged, so that many works 
have a surplus of hammer slag. As a rule, however, in the most 
economically managed establishments little or no hammer slag 
is sold, and it may even be necessary to buy from other iron- 
masters. 

(2) Moderately Fusible . — ^The second class of fettling is used to 
form the sides of the basin-shaped cavity in which the metal is 
melted ; it is required to resist the temperature at which pig iron 
melts, Wt to become gradually fusible as the heat increases, and 
to “ nourish” the iron at the later stages. It consists of “ bull- 
dog” and similar materials, which contain ferrous silicate, together 
with more ferric oxide than occurs in hammer slag. Bull-dog is 
made by calcining tap cinder, as it is by this process rendered 
much more infusible, owing to the conversion of part of the ferrous 
into ferric oxide. At the same time some of the phosphorus 
and other impurities are removed by liquation, as a fusible portion 
runs away and collects in the lower part of the kiln. Calcina- 
tion is usually conducted in rectangular kilns of simple construc- 
tion, though open heaps are also employed. Bull-dog is used 
either ground into a coarse powder as a covering for less fus- 
ible fettling in ordinary working, or is sometimes used in the 
lump form when making best iron. The use of bull-dog for the 
latter purpose is, however, steadily diminishing, the tendency 
being to use more infusible fettling and more flux, as this method 
of working is better suited for common pigs. The form of ferric 
oxide known as “blue billy” or “purple ore,” which is obtained 
from iron pyrites in the manufacture of sulphuric acid, may also 
be classed as moderately fusible, as owing to its fine state of divi- 
sion it is more easily melted than similar material when in the 
lump form. Blue billy is now largely used in Staffordshire in 
preference to bull-dog,' and gives excellent results. It must, 
however, be as free as possible from sulphur, and of uniform 
size, as otherwise the metal is red-short, and inferior. Good 
purple ore should not contain more than 0*35 per cent, of sulphur, 
while bad samples sometimes contain over 1 per cent, of sulphur 
and a considerable residue of copper, which lead to the produc- 
tion of a red short bar. If the purple ore be in small lumps also 
it is apt to get entangled in the balls and to squeeze out under 
the hammer as a dry powder, which leads to a form of red-short- 
ness, as it prevents the iron from welding. 

(3) Infusible . — ^The fettling classed under this head is composed 
essentially of either ferric oxide or magnetic oxide of iron, and is 
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fnr xf dense compact lumps, which are employed 

WherA sides of the basin in which the metal is melted. 

economically obtained red haematite may be 
u ^ Cleveland and Staffordshire either ^‘best tap^^ 

t> mine ” is preferred. 

name given to a specially- prepared cinder 
’when working a mill furnace with an oxide bottom, as 
1 ^^^^^^Pds described. For the following analysis of a sample of 
><‘.E ap made at Great Bridge from a mill furnace employing a 
bottom of pottery mine, the author is indebted to J. Wood- 
house 


Ferrous oxide, 67 46 

Ferric oxide, 26*86 

Manganous oxide, 1*30 

Alumina, *35 

^dica, 3-05 

Lime, -26 

Magnesia, *40 

Phosphorus pentoxide, .... *87 

8ulphur, trace 


Corresponding to metallic iron, 70*57 per cent. 


Prom this it will be seen to consist essentially of magnetic 
•oxide of iron j it is very infusible, though it melts when exposed 
to the highest temperature of the mill furnace. When placed 
in any position, such as the sides or bottom of the puddling 
furnace, where it is to some extent protected from the direct 
welding heat, it is one of the best and least fusible fettlings 
known. 

Pottery mine is the term applied to the ore or “ mine ” 
obtained in the ISTorth Staffordshire or ‘^Pottery” district. It 
is a variety of blackband, which is generally calcined in open 
heaps, and which after calcination consists of ferric oxide, with 
more or loss magnetic oxide, and a somewhat unusual proportion 
of manganous oxide. It is therefore very suitable for use as a 
fettling for common iron, as it resists a high temperature, and 
is relatively pure, while the manganese it contains is also 
advantageous. 

Pig Iron for Puddling. — On the Continent white pig iron 
is still often used for puddling, and was formerly employed in 
this country for the production of the wearing surface of iron 
rails, as it was found that a harder iron could be thus obtained. 
White pig iron is also sometimes used in the sheet-iron trade, 
as the surface of the iron so produced is less liable to black 
streaks, due to the presence of a thick slag which is produced 
when using less pure iron. White pig iron works more quickly 
than grey, as it usually contains less silicon and manganese, hut 
in the ordinary pig-boiling pocess it gives a smaller yield, as 
the silicon present in grey iron, when not in undue quantity. 
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reduces more than its own weight of iron from the fettling, and 
so increases the weight of the product. 

The iron generally preferred in the United Kingdom is a 
close-grained grey, or “strong” iron, usually a somewhat close- 
grained No. 4 pig. Sometimes foundry numbers are employed, 
hut this is generally when a very soft and ductile iron is needed. 

The pig iron selected varies according to the fettling employed, 
the quality of the desired product, and the price of materials 
from time to time. One simple but important rule is that pure 
pig irons require a more fusible -fettling, as they produce less 
slag when puddled; and, conversely, with cast irons rich in 
silicon and phosphorus, or “ hungry ” irons as they are called, a 
more pure and infusible fettling should be used. In modern 
practice, for economical motives, common irons are more used 
than was the case half a century ago, and the fettling employed 
has changed to meet the altered conditions. 

One of the advantages of the puddling process is its suitability 
for dealing with pig iron of very widely-differing composition, 
and it is not possible to lay down any hard and fast lines as to 
the best composition of pig for forge purposes. In the United 
Kingdom the pig iron made from the clay iron-stone of South 
Staffordshire, South Wales,* and West Yorkshire has long had 
the highest reputation, and for the production of best iron is, 
chemically, all that can be desired; while, when it can be 
obtained, an iron such as Ko. 4 in the following list can be 
thoroughly recommended : — 



No. 1. 

No. 2. 

No. 3. 

No. 4. 

Carbon, . 

2*60 

3*60 

3-00 

not given 

Silicon, . 

1*20 

1*25 

2-00 

•992 

Sulphur, . 

•08 

not given 

•10 

•144 

Manganese, 

•50 

•50 

•25 

•693 

Phosphorus, . 

i 

•57 

1*00 

1-80 

1-233 


In the above table No. 1 is a South Staffordshire All-Mine 
pig, a turn of six full heats of which would require about 26 J 
cwts. of pig and 13 cwts. of fettling, while it would yield about 
27^ cwts. of puddled bar. No. 2 is a standard pig for puddling, 
as used by A. E. Tucker for purposes of comparison ; this will 
work into puddled bar with a loss of about per cent. No. 3 
is a cheaper part-cinder mixture, used in South Staffordshire, 
and which is not very different from Cleveland pig. No. i 
shows the average composition of a half-year’s pig iron, as given 
by H. Kirk, and the yield showed a loss of exactly 3 J per cent. 
With an iron of this composition, seven heats per turn may ba 
regularly obtained. ; 
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The presence of some silicon is necessary in forge iron for the 
ordinary or ‘‘boiling” process, as otherwise the yield is deficient, 
while the iron is “dry” and unsatisfactory in the furnace, 
though this can be to some extent remedied by the use of 
hammer slag or other siliceous fettling. Genei'ally, tlie cheaper 
forge irons are too siliceous and “ hungry.” This requires more 
time, uses more fettling, makes the cinder too thin, and gives a 
brittle bar. Some phosphorus is also an advantage in puddling, 
as it increases the yield and prevents the cinder from getting 
too thick at the end of the operation, and thus causing a variety 
of red -shortness. Too much phosphorus, on the other hand, 
leads to waste of iron and fettling, and renders it impossible to 
produce a good fibrous iron, unless, indeed, an unusually large 
proportion of fluid cinder is used, and the boil is conducted at 
the very highest attainable temperature. The presence of man- 
ganese is advantageous, as it “covers’’ the carbon, and, by 
delaying its removal, leads to somewhat i>rolonged fluidity, and 
thus to a more complete removal of phosphorus. Sulphur is 
not advantageous ; in moderate quantity it is almost entirely 
eliminated by puddling, but if present in excess it leads to- 
“ red-shortness.” 

Preparation of the Furnace. — In commencing work with a 
furnace which has been either newly built or stopped for repair, 
the first object is to get a good firm bottom on which to work in 
the subsequent process. This working bottom is obtained as 
follows : — liefractory fettling, such- as best tap, is broken up into 
small pieces and spread over the cast iron plates to a de2)th of 
some 2 or 3 inches ; roll scale or other finer material is then 
added, and the whole is levelled. The fire is then lighted and 
a good heat obtained, sufficient in fact to soften the materials 
and make them cohere. A quantity of scrap iron is also charged 
into the furnace, heated to a welding tempei-ature and made into 
a ball, which is worked repeatedly over the bottom. In this 
way a quantity of magnetic oxide is produced, which flows over 
the bottom and unites the whole into one smooth, solid, non- 
conducting mass. If during the subsequent working of the 
furnace this bottom weans, as with impure or “hungry” pig 
iron, it is repaired from time to time by means of a scrap ball,, 
and, if necessary, by the addition of fettling. It is of the greatest 
importance that the working bottom should be kept in good order, 
as otherwise the cast-iron plates get bare and are exposed to the 
full heat of the furnace, with a result that they are rapidly burnt 
out, and entail loss not only for their rejflacement, but also 
for the necessary stoppage of the furnace, and by the irregular 
character of the iron produced with a “cold” bottom. The 
care and skill displayed by a puddler may to a considerable 
extent be gauged by the length of time the cast iron bottom- 
plate wears. It may he added that as the centre-plate is the 
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one which is the most readily attacked, arrangements are made 
in the construction of some furnaces for this to b© replaced 
without interfering with the others. 

The bottom now being made, and the furnace red-hot,^ the 
puddler proceeds to charge in the fettling, and to arrange it so 
as to form a shallow basin to contain the fluid iron. For this 
purpose the larger lumps of refractory fettling are charged around 
the sides and against the firebridge, so as to protect it as far as 
possible from excessive heat. Similar material of smaller size, 
or in some cases less refractory material, is then added, so as to 
fill up the spaces between the larger lumps, and ground bull-dog 



Fig. 66. — Pig iron charged into puddling furnace. 


or fine purple ore, which is generally damped with water to laake 
it cohere, is added to cover. From i cwt. to 1 cwt. of hammer 
slag is then shovelled in, and the pig iron, which weighs about 
4J cwts., and is in half pigs, or about nine large pieces in all, is 
lifted by hand and thrown on the top of the liammer slag, as 
shown in Fig. 66, from a photograph by the author. 

Details of Working. — The working of a heat of puddled iron 
may be conveniently divided into four stages, which will b© 
separately described, namely : — 

(Pj Melting down stage^ lasting about half an hour, by the end 
of which most of the silicon and manganese and a considerable 
proportion of phosphorus have been removed. 
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; (3) Quiet fusion or ^^clearing^^ stage, lasting about ten minutes, 
during which the rest of the silicon and manganese and a 
further quantity of phosphorus are removed. 

(3) The boU, which lasts nearly half an hour, during which the 
greater part of the carbon is eliminated, together with a further 
quantity oF phosphorus. 

(4) Balling up stage, which occupies some twenty minutes, 
and by which time the purification, except as regards the removal 
of slag, has practically ceased. 

1. The furnace having been suitably prepared, and hot from a 
previous heat, the pig iron is charged as before described ; the 
door is then closed, and the working opening in the bottom of 
the door covered with an iron plate and rendered as far as 
possible air-tight by means of a little fine cinder thrown with 
the shovel. The fire is also made up, and heating proceeds for 
some twenty minutes, by which time the top of the pig iron is 
red-hot and the flux begins to soften. Tlie pigs are now turned 
so as to heat them more uniformly and the door is again closed; 
in a few minutes the iron begins to melt, and if carefully watched 
may be seen to trickle down into the cinder in drops. The work- 
man now introduces an iron rod, stirs up the mass, and brings 
up any pieces of iron which have not completely melted, and 
which might otherwise remain covered and take longer to melt. 
When the whole is thoroughly fluid and well mixed the melting 
down stage is finished. 

3. One of the workmen, generally the underhand, now intro- 
duces a bar which is bent at the end at right angles, and 
so acts as a scraper or stirrer, and the whole charge is well 
stirred and exposed to the action of the fettling and cinder, 
-and also to some extent to the oxidising influence of the air. 
The temperature is maintained as high as possible during this 
stage. 

The iron is thus thoroughly cleared or purified from silicon, 
the point at which clearing is completed being judged by the 
appearance of the charge, and upon the skill of the workman at 
this stage much of the subsequent success depends. 

3. When the metal has cleared, and is in a state of tranquil 
fusion, the next point is to bring on the “ boil.” The puddler, 
therefore, diminishes the draught, or puts his damper down ” 
.so as to fill the furnace with a smoky flame and lower the tem- 
perature. In some cases also the door is opened and water 
thrown in at this stage, as this promotes rapid cooling and 
supplies oxygen at the same time. The metal being thus some- 
what thickened, and being vigorously stirred daring the whole 
time, becomes intimately mixed with the cinder; the carbon 
is thus oxidised, producing carbon monoxide, which burns 
in blue flames as the bubbles of gas rise and burst. These 
.flames are sometimes called ‘‘ sulphur ” or “ puddler’s candles ” 
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on account of their pale blue colour. The charpjo thua swoIIh up 
and rises some 6 inches in the furnace, and as the heat incrcaHca 
and the damper is oj)oned somewhat, a quantity of reddiot slag 
flows over the flreplato into a cast-iron slag waggon placcul rcMidy 
to receive it. The violence of the action now gradually dimi- 
nishes, the iron “comes to nature,” and the charge sc^tih^B 
in the furnace^ the less fusible wrought iron is in the form 
of a porous cake, and the residue of slag collects chielly undt^r- 
neath. 

4. In the fourth, and last, stage the puddlor has to maiupulato 
the iron into convenient forms for subsequent treatment. For 
this purpose the cake of metal is broken up by inst^rting a bar 
underneath, and is worked at a welding heat into one uniform 
mass or ball. This is now divided into about six balls, of 
approximately equal size, each of which weighs about 80 Iba,, 
and these are in turn withdrawn from the furnace and tak(m 
to the hammer where the slag is to a great extent expelled, and 
a bloom of iron is obtained. This is rolled, without reheating, 
into “puddled bar,” which is the name given to the crude 
wrought iron produced as above described. 

“Physic.” — It is not unusual to make certain additioim during 
the puddling process with the object of assisting in tlio removal 
of the impurities and the more rapid oxidation of the charge. 
Numerous quack remedies have been employed from tinu^ to 
time, animal, vegetable, and mimu'al, generally wiiliout any 
regard to their chemical action. I'he most usual is perhaps a 
mixture of manganese dioxide and salt, which anj ground 
together and added at the early stages of the boil. The pre- 
sence of manganese dioxide supplies some additional oxygen to 
the cinder, and afterwards renders the slag more fluid, and 
assists in the removal of sulphur. The salt also protnoteg 
fluidity, and as it is decomposed when hoat(‘d with silica, with 
the liberation of chlorine and the production of a more basic 
slag, it probably assists in the more complete removal of phos- 
phorus. Generally, however, the few ounces of the mixture 
which arc thus added are insulhcient to produce any very marked 
effect, and a better result is obtained by grinding fln(^ ore with 
manganese dioxide, and using it as a covering for the fettling 
before the pig iron is charged into the furnace. 

Best Staffordshire Iron. — The following details illustrate 
the procedure adopted for the production of best Htaflordshire 
iron,^ the figures being supplied by A. E. Barrows, of Tipton. 
The iron used varies somewhat with the class of work in hand, 
but consists of a mixture of about four brands of All-Mina pig 
iron; such a mixture would contain about 0-55 per cent, of 
phosphorus. The weight charged is 4 cwts. 1 qr. 18 lbs. The 
varieties of fettling used, together with the relative pricoB in 
1892, were as follows : — 
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Per Ton. 


8. d. 

Best tap, 

17 0 

Ore (purple), 

13 6 

Bull-dog, 

12 6 

Do. ground, 

15 0 

Boll scale, . 

7 0 

Hammer slag, 

1 0 


Calcined pottery mine is also an important fettling in South 
Staffordshire, but Inematite is not used. 

The consumption of fettling, as calculated over a week’s work 
of the above iron, was, per turn, averaging 25 cwts. 2 qrs., as 
follows : — 


Best tap, 

Ore, . 

Bull- dog, 

.Do. ground, 
Scale, . 
Hammer slag, 


Cwts. Qrs. Lbs. 

3 0 0 

0 3 0 

2 2 0 

1 2 0 

1 1 0 

4 0 0 


13 0 0 per turn. 


Or nearly 10^ cwts. of fettling per ton of pig. It must be 
remembered that this is for best iron, and is more than is used 
by ordinary makers. The following figures giv’-e the weight of 
pig iron charged, the puddle bar obtained, and the cinder pro- 
duced in three ordinary heats, as above, the weights being taken 
for the author for experimental purposes : — 


Weight Charged. 


Yield. 


Tap Cinder Boilings. 

Tap Cinder Tappings. 

Cwts. Qrs. Lbs. 

Cwts. 

Qrs. 

Lbs. 

Cwts. Qrs. Lbs. 

Cwts. Qrs. Lbs. 

4 1 18 

4 

2 

14 

1 1 0 

1 1 0 

4 1 18 

4 

2 

14 

1 0 0 

1 1 12 

4 1 18 

4 

2 

7 

1 0 20 

12 0 


From these figures it will be seen that the weight of pig iron 
charged was less than that of the puddled bar obtained, and this 
is not an unusual result when the pig iron and fettling are 
suited to each other, and great care is taken in puddling the 
iron. As a rule, however, there is a loss in puddling, and this 
loss sometimes amounts to upwards of 10 per cent, of the iron 
charged. 

Beactions of the Puddling Furnace. — The following table 
gives the results of Calvert <k Johnson’s original investigation 
of the changes which take place during puddling : — * 


Phil. Mag.^ 1857. 
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Description. 

'I’lnjo after 
ChtttxIiiH:. 


m. 

H. 

P. 


lira Mlim. 

IVr t?eiit. 

Pur <*ont. 

Per i'mii. 

P«r t’rnt, 

Coldblast Stattordalure 1 
No. 3 grey, chax'gcd / 

0 

0 

2’275 

2*720 

*301 

•045 

Sample No. 1 . 

0 

40 

2*720 

0*915 


... 

2 

1 

0 

2*m)5 

0*197 



,, ,, 3 . 

1 

5 

2*444 

0 194 

; ... 

... 

»» » ) ^ • * 

1 

20 

2 305 

0’1H2 

... 


„ „ G . 

1 

35 

1*047 1 

D*IH3 


.*« 

„ „ 6 . 

1 

40 

1*200 

U 103 


... 


1 

45 

0*1)03 

0*103 



» !! 8 . 

1 

50 

{)'772 

0*1 OH 



Puddled bar „ 9 . 



0*290 ; 
i 

0*120 

1 

•134 ! 

1 

*139 


The changes which take place during the working of a heat in 
the puddling furnace, may bo conv(uuontly rf*pram'nifHi graphic 
cally in the accompanying diagram (Fig. G7), from analyioi by A* 
E. Tucker.* 



Tig. 67.— Kamoval of non-matali (other than carbon) in pntMliiig, 


Though it has long been reoognised that the remot^al of th# 
impurities in the pig iron charged into the puddling furna^ il 
chiefly due to the action of the oxide of iron in Ut© fettllrif, 
further information is required as to the exact reaction or itritis 
of reactions which take place in the prooeis. Thus, in the eaii 
of carbon, a number of actions is possible such as— * 


S. Staf. InH., Jan., 1887. 
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With ferric oxide. 


(1) FeaOs + 3C = Fea + SCO | 

(‘2) + C = 2FeO + CO 

(4) = 3F?0 + ^CO j magnetic oxide. 

(5) FeO + C = Fe + CO — With ferrous oxide. 


If 12 parts by weight of carbon be taken as a standard for 
comparison, and the above equations are arranged in the order 
of iron reduced and fettling used, the following values are 
obtained — 


E(luation. 

Iron Reduced. 

Fettling Used. 

(S) 

56 

72 


42 

58 

(i) 

37 

53 

(‘2) 

0 

160 

(4) 

0 

232 


Hence, taking the two extremes, according to equation (5), 
1 lb. of carbon would reduce 4| Iks. of iron, and use 6 lbs. of 
fettling ; while, according to equation (4), 1 lb. of carbon would 
reduce no iron, but use 19^4 lbs. of fettling. It is, therefore, of 
iinportanc(i, if possible, to determine what the action is which 
really takes place in practice. 

Theories of Puddling. — There are two principal theories 
which have been advanced to explain the chemical changes 
which take place m the puddling furnace; these maybe called 
respectively the magnetic oxide and the feiTic oxide theory. 
Other ex],)lanations have also been attempted, but have met with 
less support than those above mentioned. 

1. The Magnetic Oxide Theory was advanced by Sir W. 
Siemens in a paper on “Puddling Iron/’* in which the follow- 
ing language is employed 

“ Supported by these observations, I venture to assert that 
the removal of the silicon and carbon from the pig in the 
ordinary or ‘boiling’ process is due entirely to the action of the 
fluid oxide of iron present, and that an equivalent amount of 
metallic iron is reduced and added to the bath, which gain, 
however, is generally and unnecessarily lost again in the subse- 
quent stages of the process . , . the cinder may be taken to 

consist of Fe^O^" (this being the fusible combination of peroxide 
and protoxide), together with more or less tribasic silicate 
(3FeO,SiOjj), which may be regarded as a neutral admixture not 
afiecting the argument.” 

From the above premises it was then calculated that each unit 
of silicon in the pig iron, when oxidised by magnetic oxide, re- 
duced 2*8 times its weight of iron, and thus increased the 
* B, A. JReport, 1868. 



296 


THE METALLURGY OP IRON AND STEEL. 


yield. Taking the accepted atomic weight of silicfjn as 28, tluB 
would give 3 ])arts of iron for each unit of silicoti oxidistul to 
SiOg, and the “tri-basic silicate” closcdy approximati^H to normal 
ferrous silicate, 2FeO,SiOo, the difference in th(^ penamtage of 
iron represented by the old and modern fornuihe htdng only 
0*5 per cent. 

2. The Ferric Oxide explanation was propostal shcH'f.ly after* 
wards by G. J. Snelus in a report on tln^ Danks’ mtH^hanical 
puddling process,* who gives the following tujuation for the 
removal of silicon — 

Si to SiOji 

14 Si rccpiircB 10 0 to SiOg 
16 0 derivod 1 ‘roin gives 

1 Si yields ‘ 2 ^^ Ko. 

In this statement the old atomic weights are \ised, htit with the 
accepted values this action may be represented by tln^ ft>llowing 
equation : — 

3Si + 2 FC 2 O 3 « nSiOg + 4Ke. 


Probably the magnetic oxide theory affonlH the more* corr<*ct 
explanation of the changes wliich takc^ places as tlu’s rtuudion is 
chiefly one between iluid iron and iluid (liiuler, and ho long a« 
ferric oxide remnius infusible it is couqairativtdy inert, Mut it 
was pointed out by Jl. Hose in 1851 that ftu'rie oxiih^ when 
strongly heated melts, and is at the sanui tinn^ naluccnl to 
magnetic oxide, t and this has Ixum r<‘jc.ent.ly eonlirmtxl by 
A. A. Bead, } so that it is doubtful wheiluir huTio oxido over 
exists as such in fluid cinder. 

A consideration of the thermal aspect of tins qtU'Hiion, on th<i 
other hand, supports the view that ft'rrous oxiih^ or forremi 
silicate takes but little })art in the oxi<laiion. The heat (h^'clopod 
by the combination of one gram of iron with oxygen in difibront 
proportions is approximately as follows 


1 gram of iron oxidised to yields 1,725 
1 n „ F 0 .HO 4 „ 1.600 

1 „ „ Fot) „ 1,350 


caloricM. 


By calculating from these numbers the heat r(u]uire(l to libcirate 
the same quantity of oxygen for each of the three oxidtii, the 
following values are obtained 


To liberate a unit weight of oxygon and pro- ) 1 1 1 , 

duce metallic iron from . , j l®0 absorbs 1,360 oalorki. 

" 1/iOO „ 


FoaO^ 

FOgOg 


1,150 


Since more heat is required to obtain an equal weight of 
oxygen from PeO than from either Fe^O^, or K*om FiiJ)., it 
follows that but little FeO will be reduced so long as higher 

* Ind, Journ., 1872, p. 260. f Percy, Iron and SUeL p. 10. 

tPro. Ohem, Soc., 1894, p. 48. * 
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oxides are prescrt; but in tup cinder much, at least, of the FeO 
is already combined -with either SiO^j or and this would 

render the reduction of the iron still more difficult. Of the 
remaining? two oxides, FewjOj^^ is somewhat more readily reduced 
than Fe.jO^, but much more infusible., and it is not unreasonable 
to supi>os(3 tliat the infiisibility of ferric oxide would counteract 
the slight advantage it possesses in reducibility, and that the 
main reaction is of that Ix'.twccn magnetic oxide and the non- 
metals prc^sent in the cast iron. This in the case of carbon, may 
be represented in gt moral terms by the following* equation :~ 
i/rFc2^3 + ?/FcO 4- cC = 2xFoO + yFe -h zCO. 

Magnetic Oxide. 

Varieties of Tap Cindor. — In the ordinary process of 
puddling there are two distinct varieties of cinder produced, 
and the diilerence between the two, though of great importance’ 
is frequcuiily overlooked. The first variety of cinder is known 
as ‘‘boilings,” from the fact tliat it boils over the foreplate 
during tlu^, lunit, and is colh'cted in the tapping-waggon. The 
second kind is known as “tappings,” and is tupped out at the 
end of the process. The “boilings” aro usually more or less 
hoxaeycoinbed in structure, and are more easily fractured than 
the tappings, which are, on the other hand, more compact and 
dense. 'I'’ lie tappings are free from metallic iron, while the 
boilings always contain some shots or globules of metal, which 
are carricKl over by the turbulence of the boil, and in some 
specimens examined by the author as much as 16 per cent, of 
met*nl was found in the form of small globules, which were 
separated by a moderately powerful magnet from the crushed 
cind^ir. Tlu'so globules of iron still retain carbon, and, being 
in contact wibli an oxidising slag, they produce carbonic oxide, 
which burns in jets at the surface of the molten cinder. The 
tappings, on the contrary, usually evolve little or no combustible 
gas. 

The inc'an composition of those two varieties of cinder, as 
deduced from the seven heats, was as follows 



Boilings. 

Tappings. 

Ferric oxide (FeaOs), 

C)*94 

12-90 

Ferrous oxide (FeO), 

62 61 

64-62 

Silica (SiOa), ..... 

19-45 

15-47 

Phosphoric anhydride (PaO*), 

6*32 

3-91 

Not estimated (MnO,S,CaO, &c.), . 

4-68 

3-10 


100-00 

100-00 

Total iron, 

53-55 

59-29 
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From these analyses it will bo seen that the boilings are very 
much richer in jjhosphorus and in silica than the tappings, and 
are, iii fact, in (‘oonoinical puddling nearly saturated with these 
impurities under tlui conditions of furnace working. 

As a giuKU’al riih^, if the tappings are lively in the waggon 
while hot, and liont‘ycomb(‘d and brittle when cold, the process 
is not so satisfactory as when l;h(y are more quiet and compact. 
When th(‘ tappings have solidilicd in the waggon, the surface of 
the mass is coniparatividy smooth and level, as shown in Kg. 68, 
while tlio Kurliicd dI lioiliiigH is usually covered with irregular 
volcano-lik(‘ prot.ul)(‘ranc<‘s, as seen in .Fig. GO. 

It is notic(‘al)l(^ thali tlnu'e are three distinct methods of treat- 
ing the cin(U*r in puddling. In one case very infusible fettling 
and much flux is usc‘d, much boiling cinder is produced, and is 
allowed to run away ov<‘r the fon* plate, and at the end of the 
op<n’ntion no eimhu* remains to bo taj)ped out. By another 
uudhod of working, moderately fusible fettling is employed, and 
the weights of toppings ami boilings are equal, as in the figures 
given on p. UDG. In the third modification, no boilings 
are aUow<‘d to run ovm* the fore plate, but all the cinder is 
tnppeul out at the (Uid of the operation. Probably the first is 
the most (‘conomical nudhod, and is most suitable for a relatively 
impure pig iron, tli(‘ S(‘cond is used chiefly for making best iron, 
while tlu^ third is most suitable where there is a deficiency of 
fluid cinder. Each method has its advocates, but, on the whole, 
the advantages are in favour of the first. 

In any case balls should, when taken to the hammer, retain 
a considerable quantity of tolerably thick cinder, which should 
so adhere to the iron as not to leave a trail behind on the way 
to be shingled, and yet which, when under the hammer, should 
cover and almost bathe the metal in slag. 

Constitution and Boactions of Puddling Cinder.—Mag- 
natic oxid(^ of iron is produced when iron liurns in air or oxygen, 
and is usually nqin^senied by the formula Fo^O^ (or EeO, .FcgOg), 
though th(U‘e ari^ considerable diUbrences in the proportion of 
ferrous and ferric oxide found in various samples of native 
magnetite and in the artificial best tap.’' This magnetic oxide 
is fusible, as is evidenced by the fluid cinder on an ‘‘oxide 
bottom,” sometinu's UH(‘d in reheating furnaces when “best tap” 
is made. But though magnetic oxide is fusible, it does not melt 
nearly so readily ns ordinary puddling cinder. Ferrous silicates, 
such as FcOjkSiOo, or ^FeOjBiO.^, are readily fusible, but have 
little oxidising power, and the iron they contain is not easily 
reduced by carbon or otluT reducing agents. 

Puddling cinder may be regarded as being essentially composed 
of these two subs! an c(‘b— ferrous silicate and magnetic oxide of 
iron. Ferrous silicate though readily fusible, is comparatively 
neutral so far as its influence on the constituents of the iron ia 
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concerned, and cheap. It can bo obtained at a nominal coet in 
the form of hammer slag, which also contains a very a{>pnH‘iable 
and useful quantity of magnetic oxi<l<\ Magmatic oxiilo itself, 
on the other hand, is less fusible, and with mutdi ftn-ric oxide in 
extremely refractory. It is an active oxidising ag(mt, and is the 
chief constituent^of the best tap, bull-dog, S:,c.; for it is (UToncnnis 
to suppose that these materials consist of ferric oxidt* alone. 
During the puddling process tho more nsulily fusible^ silicate 
melts first, and then dissolves the magnetic oxide, or tlu^ still 
more refractory ferric oxide, which when dissolved forms mag- 
netic oxide ; and thus puddling cinder may W r(\gartletl as a 
solution of ferrous and ferric oxides in ferrous Hilicat(n 

Since in modern puddling tho greater part of tln^ oxidation which 
takes place is due to the action of the cinder, th(\ juuount of the 
dissolved oxide is of considerable ccononuc importatice. Ferrous 
silicate melts easily, and can be uscxl in a form which is inexpen- 
sive ; hence it is economical to have the highest proportion of this 
material present which is consistent with good working. On the 
other hand, ferric oxide (winch is an essential coustitueut, and 
often the source of magnetic oxide) is necessary, but dear. Too 
large a proportion of magnetic oxide, therefon^, m(‘anH proventibla 
loss of fettling, while too small a proportion will involve the use 
of more time, a larger total weight of cimhir, ami conseqm'nt 
waste of fuel. 


The character and proportion of ferric oxich^ in the cunder 
must be varied according to tho pig to be trt'ait'd, tht^ obj(‘(!t in 
each case being to remove tho greatc^st possibhi amount of mlicon 
and phosphorus at the beginning of the proiTss. Having thus 
transferred the impurities from tho pig iron to the oinder, and 
as far as possible saturated the cinder with im purities (which is 
the key to economy at this stage), this cinder Bhould be removed 
from the furnace, and this is most easily done, not by tapping, 
but by regulating the damper so as to produce a good boil, and 
thus boiling out the impure cinder into the tnpping»waggon. 
Care must be taken to avoid undue loss of metal in the form of 
globules at this stage, and the boiling oinder may bei tested 
occasionally by crushing in a mortar, sieving, and treating with 
a moderately powerful magnet. 

In puddling unusually pure iron, or metal that is more apt to 
produce a deticiency than an excess of oinder, the foregoing 
reasoning with regard to the boilings does not apply, and it 
may m such a case be best to produce little or no boiling cinder, 
ihe general practice of the present day is to use much more 
impure pig iron than was the case forty years ago. It is quite 
possible, by the use of a sufficiency of cinder, by thoroiighiT 
boihng the iron, and by boiling out a good deal of tho first 
cinder, to produce a splendid bar iron from very impure materiaJs, 
and the quality of the finished iron often depends more upon the 



THE PUDDLING PROCESS. 


301 


details of luanipiilation than upon the chemical composition of 
the original pig iron. 

Causes of Loss. — It can readilj be shown by a calculation of 
the reducing power of carbon, silicon, and other elements present 
in cast iron, that theoretically cast iron should yield more than 
its own weight of puddled bar, as when the non-metallic elements 
are removed by the oxygen of the fettling they reduce more than 
their own weight of metallic iron, which is added to the charge. 
There are, however, certain sources of loss, some of which are 
unavoidable, and which combine to produce a different result. 
The chief source of loss is excessive oxidation, particularly when 
this oxidation is due to atmospheric air. Excessive oxidation 
may also result from the presence of too much ferric oxide in the 
cinder, which condition is generally accompanied by a thicker slag 
than usual. The action may then be of the following type : — 

2 Fe 203 + Si = 2FeO, SiOa -f- 2FeO 

and no metallic iron is produced by the oxidation of the silicon. 

It is also noticed that as the basin, or working bed of the fur- 
nace becomes larger, owing to the wearing away of the fettling, 
the charge works somewhat quicker and the waste is increased. 
In this case the depth of metal is less, and the surface exposed is 
therefore larger, so that oxidation proceeds more rapidly and the 
action of the air is greater. If on the other hand the working 
space is too small oxidation is delayed, and loss of time results. 
The chief loss is, however, that due to the action of the oxidising 
furnace gases on the “ young iron while it is being balled up, 
and while the balls remain in the furnace at a welding heat, this 
loss can only be to a certain extent diminished by the presence of 
a reducing atmosphere and a slag of suitable consistency, which 
covers the globules of iron and thus affords some slight protection. 
The loss of iron at this stage probably amounts to at least one- 
tenth of the whole charge, and this loss constitutes one of the 
inherent disadvantages of the puddling process. Since the non- 
metals reduce more than their own weight of iron from the 
fettling, any deficiency of these elements will also tend to 
diminish the yield, though it must be remembered that an 
excess of non-metallic elements by delaying the process, attack- 
ing the fettling, leading to loss of time, labour, and fuel, and 
producing an inferior product, is also a source of waste in 
puddling. The yield is less when an excessive proportion of 
silicon is present, as the process is delayed and the loss by atmo- 
spheric and other oxidation much more than counterbalances the 
gain by reduction from the fettling. 

The increase of yield due to increasing the proportion of non- 
metals in the pig iron, is illustrated by the following figures, 
given by E. Scarf* : — 

* Inst Joum,, 1891, vol. i., p. 150. 
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Sample. 

Silicon. 

j Phosphorus. 

! 

Silicon -1- Phos- 
phorus. 

Waste in 
Puddling. 

A 

2 1 

1 

1 1*3 

3*4 

9'7% 

c 

2-66 

1*58 

4*24 

7*1 

B 

3*5 

1*0 

4*5 

7*8 

D 

3*7 

1*69 

5*39 

5*2 

E 

3*15 

2*83 

1 

5*98 

4*2 


From this it will be observed that the waste diminished, or, in 
other words, the yield increased, steadily as the non-metals 
increased, though if the proportion of non-metals had become 
much greater than in sample E the waste would have again 
considerably increased. 

Considerable waste of iron may arise from having either too 
little cinder or a too fluid cinder during balling, as this leaves 
the finely-divided metal exposed to oxidising gases at a critical 
stage of the process. 

Deficiency of Cinder. — The injurious eflects produced by 
•a deficiency of slag of suitable composition in the puddling 
process is well illustrated in some experiments conducted by 
M. Millard at Wolverhampton in 1893, and communicated 
to the author at the time. In a puddling furnace of the ordinary 
type the usual fettling was replaced by a lining of a very refrac- 
tory chrome ore from Silesia. The bed of the furnace was 
carefully made with lump ore, and all crevices were filled in 
with small ore ; scrap balls were first worked, as usual, in order 
to get the bottom in good condition, while plenty of hammer 
slag was charged in with the pig iron, as it was expected that 
there would be a deficiency of cinder. The iron melted and 
boiled well, but at the end of the boil, when the metal 
dropped,” it was in the form of minute grains which retained 
no cinder, and which did not cohere. Much time and labour 
were needed in balling up the iron, and considerable oxidation, 
no doubt, took place at this stage. The resulting metal could 
not be worked under the hammer until it had cooled nearly to 
blackness ; it was brittle when cold, and when rolled into sheets 
had very impeifect surfaces. The same puddling furnace had 
during 227 previous heats produced 58-23 tons of puddled bar 
from 58*13 tons of pig iron, thus showing a gain of about 0-17 
per cent, while during 12 heats in which chrome ore was 
employed, 306 tons of pig iron only yielded 2-79 tons of 
puddled bars, which corresponds to a loss of 8*7 per cent In 
the ordinary method of working in the puddling furnace the 
fettling at the end of the boil supplies a cinder rich in oxides of 
i^n, and^ this assists not only in the purification of the metal, 
but also in the weldmg together of the small granular particles 
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of iron. In ttese experiments witli an infusible lining it would 
appear tbat no cinder for this purpose was available ; it there- 
fore had to be produced from the iron itself, with a consequent 
loss of time and yield, and the production of inferior iron. 

Elimination of Phosphorus. — The late Dr. Percy favoured 
the view that during puddling phosphide of iron was separated 
by liquation, and regarded the exact explanation of the removal 
of phosphorus as obscure. Greenwood, twenty years later,* 
favoured a similar view, stating that the rationale of its separa- 
tion is not clearly understood,” and this opinion was supported 
by Mattieu Williams. On the other hand, Millerf states that 
silicon and carbon are removed during the earlier stages of the 
process, while sulphur and phosphorus resist oxidation, hut are 
afterwards removed by the violent stirring of the puddier when 
the mass is becoming granular. Bauerman, again, | who gives a 
more than usually good account of puddling, says, “ The removal 
of the foreign matters takes place in the following order — first 
silicon, then manganese, then phosphorus, and, lastly, sulphur.” 

There has thus been considerable difference of opinion ex- 
pressed as to the conditions under which phosphorus is removed, 
and as this is one of the most important points in the whole 
operation it is worthy of special attention. The researches of 
Snelus and of Stead have done much to clear up this question, 
and have shown conclusively that the elimination of phosphorus 
is due to the oxidising action of the oxide of iron which is 
present. 

Under ordinary conditions of puddling, with a sufficiency of 
cinder, and a fairly high temperature, a large proportion of the 
phosphorus is oxidised during the meltiug down of the pig iron, 
so that the melted metal frequently contains less than half of 
the phosphorus originally present. Phosphorus is further elim- 
inated during the quiet period which precedes the boil, so that 
at the beginning of the boil the met^ frequently retains not 
above one-fourth of the original amount of phosphorus. When 
the metal once becomes granular, or comes to nature, phosphorus 
elimination almost entirely ceases. The presence of silicon in 
excess retards phosphorus elimination; manganese acts in the 
game way when present in excess, hut when part of the man- 
ganese has been removed, and the two elements are present in 
about equal proportions, they are rapidly removed together, and 
yield a very pure product. 

The greater part of the phosphorus should thus be eliminated 
by the action of the fluid oxide of iron before the beginning of 
the boil if the process has been properly conducted. The removal 
of a considerable proportion of the remainder is, however, essen- 

* Steel and Irort^ 1884, p. 253. 

+ Chemistry, 6th edit., p. 6*24. 

t Metallurgy of Iron, 1882, p. 329. 
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tial if a good product is to be obtained, and the three necessary • 
conditions for this removal are as follows : — 

1. Sufficient rich and tolerably pure fettling to supply the 
necessary oxygen and combine with the phosphorus when 
oxidised. 

2. A high temperature so as to maintain the iron in the fluid 
condition as long as possible, and to supply fluid cinder from the 
fettling as required. 

3. A thorough and uniform incorporation of the iron and 
cinder, so as to promote the necessary chemical change. 

The effect of working the same metal under different conditions 
is illustrated by the following analyses given by J. E. Stead.* 
The original pig iron contained 1*54 per cent, of phosphorus. 

Phosphorus 
in the product. 

1. Puddled at very low temperature, . . *52 per cent. 

2. Cinder tapped out before boil (“bleeding”), *49 ,, 

3. Puddled under normal conditions, . . *31 „ 

The phosphorus present in tap cinder is in the oxidised con- 
dition, and probably exists as ferrous phosphate. That it is in 
combination with iron is shown by the fact observed by the 
author,! that it is not possible by means of a magnet to sepa- 
rate the phosphorus from even very finely-powdered tap cinder, 
while it has been previously pointed out that this is accomplished 
to a considerable extent in magnetites, where the phosphorus 
exists as calcium phosphate. It is possible also to separate 
phosphoric acid from tap cinder by digesting it, when finely 
powdered, with ammonium sulphide, while Stead has shown 
that this is not so with the iron ores he examined. It is further 
noticed, on calcining tap cinder, that a portion is separated 
which is richer in phosphorus and more fusible than the re- 
mainder, and this points to the existence of ferrous, as distinct 
from infusible ferric, phosphate. 

Elimination of Sulphur. — The proportion of sulphur which 
is present in good forge iron seldom exceeds 0*2 per cent., and 
is usually only about half this quantity. The amount which 
has to be removed is thus relatively small, though it is import- 
ant that it should be almost completely eliminated, as otherwise 
the iron is apt to be red-short, especially if copper is also present, 
•as is not unusual. Fortunately, in the majority of cases sulphur 
is thus eliminated, and with the proportions usually present no 
trouble is experienced. The theoretical explanation of this 
elimination is, however, somewhat obscure, as it is known that 
the sulphur in tap cinder is there as sulphide of iron, which is 
the form in which it exists in the original pig iron, and no sul- 
phur passes off in the gaseous form as sulphur dioxide. It is 

* fnst. Cleveland Bng., 1877, p. 148. 
fImL Jowm.y 1891, vol. i., p, 131. 
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noticeable that in slags sulphide and oxide of iron exist to- 
gether, without any interaction taking place.-^ 

Other Elements in Puddling. — The majority of the solid 
elements, and an indefinite number of compounds, have been 
at one time or other for adding to the charge in the 
puddling furnace to improve the quality of the product. Few 
have met with any success, and none are regularly employed on 
any considerable scale. When iron rails were made in large 
quantities, and wore very rapidly, it was desirable to obtain a 
hard wearing surface, and for this puri)ose J. D. M. Stirling in 
1848 patented the use of tin; this met with some attention, but 
the results obtained were lacking in uniformity, and the patent 
was ultimately abandoned. .Recently some experiments with 
aluminium have given remarkable results. Aluminium was 
added, in the form of a 7 per cent, alloy, when the charge was 
molting, in quantity sufficient to give 0*25 per cent, in the charge. 
This was then puddled in the ordinary mannei', and it was found 
that the product was more than usually homogeneous, and had 
the exceptionally high tensile strength of 32 tons per square 
inch.! 

It will, however, from the very nature of the operation of 
puddling, scarcely be expected that uniform results can be ob- 
tained by the addition of relatively small quantities of an 
oxidisablo clement, since with small variations in the condi- 
tions of working the percentage of the added element which 
would remain in the iron would be considerably affected, and 
the results would be lacking in that uniformity which is essen- 
tial to all commercial success. For this reason it is hopeless to 
expect good results from the use of potassium, sodium, magnesium, 
zinc, tin, aluminium, and other similar metals which have been 
suggested for application from time to time. Possibly more 
uniformity might be expected from the use of copper, or nickel ; 
but even if these metals were shown to have an advantageous 
influence th(;y would require to be employed in such quantities 
as to render the cost prohibitive at present prices. 

Use of Iiime in Puddling. — Various suggestions have been 
made from time to time for the use of lime or limestone in the 
puddling furnace, the object being to substitute lime, which has 
a molecular weight of 56, for ferrous oxide, which has a molecular 
weight of 72. By this means a more strongly basic material is 
introduced to combine with silica and phosphoric acid, and one 
which is weight for weight, capable of neutralising more of these 
impurities. Dr. Percy records several instances in which lime- 
stone was employed for fettling, and in each case the iron pro- 
duced was red-short and rotten. J The cause of this was. 

* J. E. Stead, Inst. Joum., 1893, vol. i., p. 60. 
tG. Allan, Inst. Journ., 1893, vol. i., p. 140. 
i Iron and Steel, p. 669. 
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doubtless due to fragmeuts of dry lime being entangled in the 
metal, and producing either a dry powder or a thick slag under 
the hammer, and so preventing the proper welding of the iron. 
A. E. Tucker recommends the use of slaked lime in the condition 
of fine powder, equal in weight to about 7 to 10 per cent, of the 
fettling, and mentions instances of good results being obtained 
by this means.* H. A. Webb also recommends the use of lime,t 
and states that excellent results may be so obtained. The author 
has on several occasions seen splendid iron produced from very 
impure materials in this way, and apparently the essentials to 
success are finely-divided lime, plenty of fiuid cinder, and a very 
high temperature. Good results may be obtained for a limited 
number of heats with common iron by sufilcient cinder, and a 
high temperature without the use of lime, and the experiment 
has not been conducted sufficiently long in the author^s experience 
to allow of a conclusion being arrived at as to the commercial 
advantages of the use of lime. Lime is, however, little if any 
cheaper than fettling, while there is always the possibility of 
red-shortness if sufficient care is not exercised, and the further 
disadvantage that a calcareous slag cannot yield iron to the 
charge. For these reasons, and in view of the fact that attention 
has been directed to the subject for half a century without the 
use of lime becoming at all general, it may be assumed that thei-e 
is no great advantage in the use of lime in puddling. 

Fuel used in the Puddling Furnace. — The fuel employed 
in the ordinary puddling furnace is a free-burning, bituminous 
coal, containing as little ash or sulphur as }) 0 ssible. Caking 
coal is not so suitable for this purpose, as it clots together and 
stops the^ draught, while anthracite is also unsuitable, as it is 
deficient in volatile constituents, and thus not capable of filling 
the furnace with flame, as is necessary at certain stages of the 
process. When much ash is present, there is not only the loss 
of heat due to the ash, but also considerable trouble, due to the 
“clinkering” of the firebars; while sulphurous fuel leads to 
the production of inferior iron. 


The average consumption of coal per ton of puddled bars pro- 
duced is about 26 cwts., though this will naturally vary some- 
what with the nature of the coal and the construction of the 
furnace. For economical reasons slack furnaces are also fre- 
quently used, and give good results; when slack is burned, 
however, special arrangements must be made for the admission 
f by the provision of additional firebars at the end 

of the furnace, or by the use of a closed grate and forced draught, 
the former method being, on the whole, preferable. 

G^eous fuel is also employed for puddling, particularly on 
the Continent, where fuel is dear. A gas furnace was used in 


* Imi. Jowm., 1886, vol. i., p. 323. 


t Ibid.^ 1893, vol. i., p. 140. 



THE PUDDLING PEOCESS. 


307 


Silesia, so far back as 1855, for this purpose,* and attempts had 
been made to use hydrogen, and also to employ water gas,'^ 
generated by passing steam over red-hot charcoal, at a still 
earlier date; numerous modifications have been since introduced, 
none of which have met with much favour in the United King- 
dom. At Araya, in Spain, the waste gases from the blast 
furnace are used for puddling in Siemens furnaces, so that only 
some 8 cwts. of solid fuel is required to produce a ton of finished 
iron. The general difficulty in the successful application of gas 
firing to puddling furnaces arises from the fact that the opera- 
tion is conducted on a relatively small scale, and the ports, 
valves, (fee., required are very numerous. If a larger charge is 
employed special machinery is usually necessary to treat the 
larger balls so produced, or, preferably, the temperature is raised 
somewhat, the charge is melted, and steel is obtained. The 
tendency is, therefore, either to the use of ordinary puddling 
furnaces on the one hand, or the production of steel on the 
other. 

The Calorific Efficiency of the Puddling Purnaee.—Any 
method of heating by means of the reverberatory principle is 
necessarily extravagant in fuel, for while, as has been shown, 
some 70 per cent, of the available heat is utilised in a modern 
blast furnace, not more than one-third of this is employed in 
useful work, even in the Siemens furnace with regenerators, and 
in the ordinary reverberatory furnace it is unusual for more than 
one-tenth of this, or 7 per cent., to be so utilised. In the ordi- 
nary puddling furnace, on account of the relatively large hearth 
and small bed, the flame passes rapidly through the heating 
chamber, and the conditions are unfavourable to economy in 
fuel. A number of careful observations on this subject have 
been made by Major Oubillo of the Royal Spanish Arsenal at 
Trubia.t The furnace employed in these experiments was of 
the ordinary construction, but was heated by means of gas from 
a, modified Boetius producer, and the charge was heated by waste 
heat before being placed on the bed of the furnace. This gave 
the furnace some advantage as compared with the practice common 
in the United Kingdom; but, on the other hand, the pig iron em- 
ployed was of haematite quality, and the product was best iron. 
As a consequence only five heats, each weighing 485 lbs. (4 cwts. 
1 qr. 9 lbs.), or one heat less than usual, were worked each shift 
of twelve hours; the nett result was that for every ton of puddled 
bars produced, about 26*5 cwts. of coal were required. The coal 
used contained 8*71 per cent, of ash, and 4'6 per cent, of water, and 
with a somewhat similar coal in Staffordshire, the fuel consump- 
tion is about the same. The coal was about two-thirds fine and 
one-third lump. The difference in procedure, therefore, about 
equalised matters, so that the result is fairly comparable with 
Useful Metals, p. 249, ilnst, Journ., 1892, vol. i., p. 245. 
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Staffordshire or Cleveland practice. Major Cubxllo concluded 
that the proportion of the heat generated which was actually 
usedinpuddlingwas only 2-9 per cent., while f-H per cent, was 
lost with the products of combustion, and 47-7 per cent, lost by 
radiation and in other similar w.ays. If the heat required for the 
fusion of the cinder, for vaporisation of water m the ore, and 
vaporisation of water in the gas, be all considered as necessary 
for the proper conduct of the operation, and be therefore added 
to the proportion actually employed in puddling, the conclusion 



Fig. TO.— Siemens’ puddling furnace. 


arrived at is that 7 per cent, of the heat generated was employed 
in some form of useful work. Even accepting this higher value, 
it will he seen that in the ordinary puddling furnace, not more 
than one-fourteenth of the heat obtained from the fuel is usefully 
applied in any way in the puddling process. When boilers are 
attached to puddling furnaces the efficiency is of course materi- 
ally increased, though it is questionable if even then it reaches 
one-fifth of that theoretically possible. 

In these experiments the loss of iron was 11*37 per cent, of 



THE PUDDLING PKOCESS. 


309 


that charged ; this abnormally high loss illustrates the effect 
produced by the employment of specially pure pig iron, contain- 
ing only 0-038 per cent, of phosphorus, and the longer time 
required to work such a charge. 

Siemens Puddling Furnace. — A form of puddling furnace 
heated with producer gas and supplied with regenerators arranged 
•close to the heating chamber has been described by the late John 
Head,* and is shown in the accompanying diagram (Pig. 70), 
the details of which will be intelligible to the student who has 
studied the description of the new form of Siemens furnace as 
applied to reheating given in Roberts - Austen’s Metallurgy, 
2nd edit., p. 213. It will be seen that the metal is melted in a 
fixed furnace heated with gas, and that the regenerators are 
close to the furnace, and though situated below the ground 
level, they are still arranged so as to allow of the furnace 
bottom 'being readily examined and repaired. Several such 
puddling furnaces are now in successful operation in South 
Stalfordshiro and elsewhere with a very low fuel consumption. 

The Springer Furnace. — This is a modification of the 
ordinary Siemens regenerative furnace which was introduced in 
Germany and Austria in 1883, and which has since been some- 
what extensively adopted on the Continent. 

It is a qtiadruple puddling furnace, which consists of two 
double furnaces placed side by side, and separated by a water- 
cooled firebridge. These are worked alternately, and heated 
with gas, the products of combustion being passed through 
regenerators of the ordinary type. Each bed receives a charge 
of somewhat over half a ton of pig iron, and the flame passing 
over the charge which is being worked in the one bed heats up 
the iron in the other, so that by the time the one charge is 
balled up the other is melted down and ready for the boil. It 
is stated that a very high temperature is obtained in the 
Springer furnaces, and that on this account it can be used for 
the puddling of highly manganiferous and other irons which do 
not yield a good fibrous product in the ordinary furnace. The 
yield of puddled iron is as much as 10 tons per day of twelve 
hours, tlio loss of metal being about 2 per cent., and the con- 
sumption of fued from 8 to 10 cwts. per ton of puddled iron 
made.t Complete detailed drawings of this furnace have been 
given by Dr. Wedding,! who states that it may be used with 
direct firing as well as with gas firing, and has done excellent 
work even, with lignite as a fuel. According to this authority 
it has but a single disadvantage, namely, the dependence of the 
two hearths upon one another in working, as any irregularity in 
working in the one hearth leads to difficulties with the other. 

The Pietzska Furnace.— -This furnace was introduced to 

* hut. Journ., 1893, vol. i., p. 125. t lUd., 1889, vol. ii., p. 424. 

• t Ibid., 1890, vol. ii., p* 529. 
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overcome the difficulty above mentioned, where tlu^ hearths are 
fixed and the flame reversible. In this cas<^ the dirtastion of the 
flame is fixed, but the positions of the two h(‘arihs are ri^vcu’sibh^, 
so that the hottest flame always strikes the hearth in which 
puddling is being conducted. The j)eculiarity of construction 
in the Pietzka furnace is that both ht^artlis art^ supported on an 
hydraulic piston which works in a vertical direction from 
beneath and between the two Inearths, The connections be- 
tween the side walls of the he,arths and tlui fixed lire cbandx'.r 
or flue are made with inclincKl conical surfaces. Tln^ hearths 
are lifted a little by the piston Ixdbro tlx^y are turned, hence 
they turn freely until the revors('d position has been readied, 
when they are lowered into place, and the connection is again 
complete. The furnace may he (dther direct or gas lirexl, and 
the products of combustion pass through a special form of 
tubular regenerator which heats the air used for combustion 
without any reversal being needed. The surplus lu'.at is used 
for raising steam. The coal consumption with direct firing is 
stated to be 13-2 cwts,, and with gas firing 8*4 cwts. per ton of 
puddled bar; while, in the latter case, if allowance be made for 
the steam raised, only some 5*5 cwts. of coal wore uscxl for 
puddling. Dr. Wedding has also given complete and detailed 
drawings of the Pietzka furnace.* 

Mechanical Puddling. — The introduction of BoHsemer steel 
led indirectly to the application of much invcmtivcj skill to the 
puddling process, the object being to countiu-act the growing 
competition of steel, and incidentally to diminisli the (exhausting 
labour of the pudcller. The first patent for a puddling furnace 
with a revolving bottom was obtained in 1857, but it was not 
until the Bessemer process was well establisliod that the appli- 
cations for patents for improvements in puddling readied the 
high water mark. 

According to J. S. Jeans,t during the ten years, 1867 to 1876 
inclusive, application was made for the following patents relat- 
ing to puddling : — 


Purnace beds and fettling, 

General construction of furnace, .... 

process of puddling, 

Ordinary rabbles or puddles, 

Tubular rabbles aud injecting tubes, 

Mechanical rabbles, ] 

Oscillating beds and vessels, and their rabbles, 
Revolving beds and pan-shaped vessels, 

Revolving chambers with axes (generally horizontal), 
Re-heating furnaces, balling furnaces, and blooms, . 


48 patonte. 

45 

73 

14 

23 

11 „ 

20 

54 ,, 

99 


Total, 399 


Inst. loum., 1890, vol. ii., pp. 627-632, f/bici., 1882, vol. i., p. 143. 
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There ■were thus rather more than three patents relating to 
suggested improvements in puddling applied for every month 
during the whole of the ten years above mentioned. Of these 
probably not a dozen are now being used, and scarcely any of 
them are of practical importance. 

The proposals for the construction of mechanical puddling 
furnaces may be grouped under the three following heads : — 

1. Mechanical Stirrers or Rabbles. — These differ in detail, but 
all more or less closely resemble Eastwood’s rabble, in which the 
tool is suspended in a stirrup at the end of a lever to which a 
reciprocating motion is given. At the same time the lever is 
caused to move through an arc of a circle in a horizontal plane. 
A. later modification of this principle, introduced by Clough, is 



Fig. 71. — Cloughs mechanical puddler. 


shown in Fig. 71, the working of which will be sufficiently 
intelligible from the illustration. This mechanical puddler has 
been adapted to a number of furnaces in the West of England, 
in Staffordshire, and in Spain, but is not now so largely used as 
formerly. All such forms of apparatus suffer from the dis- 
advantage that the balling, which is after all the hardest and 
most exhausting part of the work, has still to be done by hand. 

2. JFxirnaces^ the Beds of which Rotate in a Yertical Plane. — Of 
these the best known is that introduced by Danks in America, 
and. which is shown in Eig. 72. It consists essentially of two 
parts, a fixed fireplace and firebridge, and a cylindrical working 
chamber which rotates on friction rollers. 

The fireplace has a closed ashpit, the air being supplied under 
slight pressure through the blast-pipe B, and also in jets, c, from 
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the blast-pipe C, over the top of the coal. The draupflit is thtis 
under control, and the flame may be varied as desirc^d. Fued is 
introduced through the flring-hoh^ G. 

The cylinder A is fitted with a movable end piece and llue, 
and made with some ten wedge-shaped recesses, which arc^ em- 
ployed for keeping the initial lining of fettling in position. Tlu^ 
cylinder is supported on friction rollers, d, and rotateni by a 
pinion working in the toothed segments, f. The llaitio entcTS 
the cylinder through the passage h, and passes out through the 
movable end piece which is suspended by the rod L The bear- 



ings and end of the furnace are cooled by water circulated 
through m and while p is the stopper and q the tapping hole 
of the furnace. 

The furnace is first lined with a mortar of non-siliceous iron 
ore mixed with lime, this is dried, and tlie fettling is then melted 
upon it so as to obtain a good working bottom. Oxygen is sup- 
plied for the purification of the pig iron by fettling, which is 
afterwards added with each charge. For this pur})ose best tap, 
together with rich iroii ores, is found to answer W(dL The iron 
is generally remelted in a cupola and run into the furnace in 
the fluid condition, the charge used in later forms of the Dankg' 
furnace being about 1 ton, and the time taken to work a 
charge being about half an hour. 

The Danks' furnace was examined and reported upon favour- 
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ably a Commission sent to America by the Iron and Steel 
IxiBtitute in. 18/ 1, and to the report of this Commission the 
stnclont is referred for fuller details.* Large sums of money 
■urera (expended in introducing the process into the United 
Kirigtlom, l)ut all such attemixts ended in failure, and it has 
beim gn'adually al)andoiied both in America and in Europe; nntil 
its chi(‘f interest now lies in its history. 

jV-t the same! tinuj the favourable report of the Commission 
received considerable support from the fact that the process was 
useil during twenty years or more in numerous works in America, 
anti but for the extended use of steel might perhaps still bave 
bocm so employed. In the United Kingdom, owing to the 
abundant supply of skilled labour at a relatively low price, the 
cost of repairs led to the process being commercially unsuccessful 
from its introduction. 

3. Fumaccs^ the J^eds of which either Rotate in a nearly Ilorif^ontal 
or Oscillctte. — The Pornot fuimace, which was designed 
esi>cHdally for steed melting, has also been used for puddling. 
Thi^! htd of the Pernot furnace is circular, and inclined at an 
angle of about CP with the horizontal plane; as the bed rotates 
aliout 3 tinioa per minute the charge is constantly agitated 
an<l brought in contact with the sides of the basin, whereby 
oxidation is promoted. 

Xhe (lidlow mechanical puddling furnace was constructed on 
tlxa ordinary reverberatory principle, the novelty being that the 
furnace was mounted on an axis and caused to oscillate by means 
of n small engine. Prom 6 to 8 oscillations per minute were 
suflicient, and tbo angle which the hearth assumed with the 
horizon never exceeded 30°. The metal was thus caused to flow 
frorkt end to end of the furnace with a wavy motion, which 
brought tho ix-on and fettling into frequent contact, and allowed 
of H chargers, each of 15 cwts., being worked in twelve hours. It 
wa»B also claimed that the fuel consumption was less than in the 
ordinary furnace, t 

Jn the dones mechanical puddling furnace an oscillating 
motion is inipartcKl to the hearth by means of a revolving cam ; 
this cam is mounted on a vertical shaft under the hearth. 'When 
tlxo iron begins to come to nature a ball of wrought iron is in- 
troducc^d to act as a nucleus and collect the young iron as it 
rolls about ; when tho ball is of sufficient size it is removed from 
the furnace and hammored.j 

Tlui following papers dealing with the puddling process may 
be consulted with advantage by the student : — 

Calvert Si Johnson. P?dL Mag., 1857, vol. ii., p. 165. 

aaenjamin Baylis. On Puddling, by a Practical Paddler. 
Booklet published by Taylor & Greening (London, 1866), 

^ ImL Journ., 1872, vol. i.; see also S. Banks, Ihid., 1871, vol. ii. , p. 258. 

-h Imt. Journ., 1878, vol. i., p. 240. t Ihid., 1891, vol. ii., p. 255. 
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Gr. J. Snelus. Eeport on Danks’ Puddling Furnace. InsL 
Journ,, 1872. 

Jeremiah Head. Inst. M. E., 1876, p. 266. 

H. Louis. Inst. Journ., 1879, p. 219. 

H. Kirk. Paddling in Ordinary and Eotary Furnaces. InsL 
Journ.j 1876, vol. ii. 

H. Kirk. Homogeneous Iron. Inst. M. E., Jan., 1877. 

H. Kirk. Further Improvements in Puddling. S. Staff. Inst.y 
August, 1887. 

J. E. Stead. Phosphorus in Cleveland Ore and in Iron. 
Imt. Cleveland Eng., 1877, p. 132. 

J. E. Stead. Dephosphorisation of Iron. Ibid.^ 1879, p. 34. 
J. E. Stead. The Chemistry of Iron Purification. 8. Staff. 
Inst.y Jan., 1884. 

Sir L. Bell. Separation of Phosphorus from Pig Iron. 
Inst. Journ.y 1878, vol. i., p. 17. 

Sir L. Bell. Section Puddling : Principles of the Manufacture 
of Iron and Steel, 1884. 

T. Tscheuschner. Inst. Journ.y 1886, vol. i., p. 325. 

A. E. Tucker. Some Economics in Iron Manufacture. 8. 
Staff. Inst., Jan., 1887. 

A. E. Tucker. Yaluation of Pig Iron for Forge Purposes. 
Privately printed. (Smethwick, Feb., 1888). 

^^T. Turner. Varieties of Tap Cinder. 8. Staff. Inst., April, 

T. Turner. Economical Puddling and Puddling Cinder.* 
Inst. Journ.y 1891, vol. i., p. 119. 

^^T^. Turner. The Theory of Puddling. 8. Staff. Inst., Dec., 

T. Turner and A. E. Barrows. Slag in Wrought Iron. 
Journ. Chem. Soc., vol. Ixi., p. 551. 

John Head. Notes on Puddling Iron. Inst. Journ.y 1893, 
vol. i., p. 125. 

* This paper, ^ which was not submitted to the writer for revision, con- 
tains several misprints. The author also had no opportunity of replyinff 
to the discussion. i ^ & 
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CHAPTER XYL 

FURTHER TREATMENT OF WROUGHT IRON. 

Production of Puddled Bars.^ — The balls of crude wrought 
iron, having been produced in the puddling furnace as before 
described, have now to be compressed to expel the slag and 
render the material more uniform in character ; they are after- 
wards rolled into bars, which receive the name of “puddled 
bars ” in the United Kingdom, or “ muck bars ” in the United 
States. For compressing the iron various forms of hammers or 
squeezers are used, while for the production of bars, grooved 
rolls, as introduced by Cort in 1783, are generally employed, 
though, in a few exceptional cases, where water power is avail- 
able, bars are still produced by the hammer or “ battery,” as in 
ancient times. 

Helves, — One of the simplest and most ancient forms of 
hammer is known as the “helve,” which is still employed, to 
a limited extent, in forges, though no longer used where large 
masses of metal have to be treated. There are several forms 
of helve, such as “nose,” “ belly,” or “ tail” helves, all of which 
are applications of the same general principle, that a mass of 
iron is raised by means of a cam attached to a revolving wheel, 
and is then allowed to fall, by its own weight, on to the metal 
to be hammered or “ shingled,” as it is commonly called. The 
different varieties of helves may be conveniently classified accord- 
ing to the position at which the cam acts, which may be at the 
hammer end or “ nose,” in the middle or “ belly,” or at a lever 
at the other end or “ tail.” 

A general view of the ordinary nose helve as used in South 
Staffordshire is shown in Fig. 73. It consists of a T-shaped mass 
of grey cast iron, the cross piece and long piece being about 6 feet 
and 8 feet in length respectively. It is supported at the ends 
of the cross piece, while the nose is at the other extremity ; the 
hammer face is recessed into the body of the casting about a 
foot from the nose; the total weight of the helve is usually 
about 6 tons. The other necessary portions of the apparatus 
are — 

(1) A revolving shaft actuated by suitable machinery and 
fitted with a cam ring, and four cams or “wipers,” to lift the 
hammer ; the cam ring and one cam are shown in the figure. 


316 THE METALLUKGY OF IRON AND STEEL. 

(2) An anvil block, suitably mounted on a bed plate, so as 
to receive the blow of the hammer. 

(3) An iron stand for supporting the base of the helve. The 
total weight of metal in such a hammer and accessories is up- 
wards of 40 tons. 

While the helve is in use it gives a blow about once every 
second, or somewhat more frequently, and each blow is of the 
same force. When it is required to stop the helve for any 
reason, a piece of iron is placed on the cam as it rises, and the 
nose is thus raised higher than usual ; at the same time a wooden 
prop or ‘‘gag” is introduced, so as to support the helve. The 
cams on the shaft thus pass without touching the helve, and it 



Fig. 73. — General view of Staffordshire helve. 

remains at rest as shown in the illustration. When it is required 
to again start working, the helve is lifted by placing a bar of 
iron on one of the cams as it rises, the prop is then quickly 
removed, and the helve gives four blows with every revolution 
of the shaft as usual. 

Squeezers. — ^Various forms of squeezers have been introduced 
from time to time, chiefly with the object of preventing the jar 
or shock due to the action of the hammer, though such appli- 
ances have not met with very general application. The more 
usual forms may be conveniently divided into two classes — 

(1) Those in which compression is produced by means of a 
lever, as in the “alligator” or “crocodile” squeezers, which are so 
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called by the worknuci from the reaeml)laiice bct\v(‘on the motion 
of this class of H(j[U(^ezer and that of tlie mouths of the animals 
above mentioned. 

(2) Those in wliicli a revolvin^Li; cam is omploycHl, as in Wins- 
low’s squeoy^or, which is shown in end elevation in 74. A 
squeezer on a similar i)rinci|>h‘, but consisting of a cam moving 
in a horizontal plam^ and surrounded by a circular iron casing, 
has been employed in South Stanbrdshire for a number of years. 
Though squeezers appear at llrst sight to hav(^ many advantages 
over hammers, particularly on account of their oven and quiet 
action, they do not seem to hav(^ grown in general favour in 
recent years, it being stated that the ii-on worked in squeezers 
is leas uniform in character, and tiiat tho slag is not so com- 
pletely expelled by squeezers as with hammers. 



Fig. 74. —Winslow’s moohanical aepioozer. 

а, Corrugated rollers. c, Revolving cam. 

б, Journal frames. (f, Bfceam rain for hammering 

end of blooms. 


Steam Hammers.— Steam hammers are used for shingling 
puddled balls in almost all modern works, and are now always 
double-acting, as shown in Fig. 75. The hammer block in this 
instanoe weighs about 10 tons, and is heavier than is geru^rally 
employed in forges, though lighter than is usual for manipulat- 
ing large masses of steel. Forge hammers seldom exceed 3 tons 
in weight, while steam hammers for forgings of the largest size 
weigh 50 tons and upwards. Details of the construction of such 
hammers belong rather to the province of the engineer than the 
metallurgist, so they will not be here described at length ; further 
particulars will b© found in Phillips -Bauormaifs Metalhirgy, p. 
321, et sef., whence the accompanying illustration is taken. 
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As compared with helves, the steam hammer has the advantage 
that larger masses of metal can be treated at once, the operation 
is performed in a shorter time, and the slag is more perfectly 
expelled. On the other hand, helves involve a smaller initial 
cost, and require less steam. Steam hammers are always used 
where large outputs or large masses have to be dealt with; 
helves, on the other hand, are employed by makers of iron of 
special quality who have a reputation to maintain. The fact 
that the helve gives a blow of uniform force, though disadvan- 
tageous in many respects, has one advantage for the production 
of best iron, since red-short metal, which would be at once 
detected, and probably crumble to pieces under the helve, may, 
with careful manipulation, be worked into blooms under the 
steam hammer, and thus ultimately lead to the production of 
finished iron of an unsatisfactory quality. Where, on the other 
htind, common iron is being made, the readiness of manipulation 
of the steam hammer is a considerable advantage. 

The iron, having been thus compressed and consolidated by 
some form of hammer or squeezer, and a considerable portion of 
the slag expelled, is now taken while still hot to the puddle rolls, 
where it is converted into bars, which differ in size and weight 
according to the purpose for which they are to be employed. 
Puddle rolls do not differ in any essential particulars from the 
mill rolls shown in Fig. 79. The bars are allowed to cool, 
and are afterwards cut up with shears into suitable lengths; 
these are then made into bundles, or “piles” of the required 
weight and size. When a specially smooth surface is required, 
as in the production of sheet iron, it is usual to make the top and 
bottom of each pile of “ scrap bars ; ” these are made by reheating 
the crop ends of finished bars or other good wrought-iron scrap, 
and are therefore more uniform in character, and possess a 
smoother and cleaner surface than ordinary puddled iron. 

Belleating Puddled Iron. — The puddled iron having been 
prepared as before described, is now taken from the forge to the 
other part of the works which is known as the “ mill.” This is 
usually covered with a tolerably lofty roof, but is open at the 
sides ; it contains reverberatory furnaces for heating the piles of 
puddled iron, and also rolls of various sizes, with the necessary 
engine and connections required for producing the various “ sec- 
tions” of finished iron. A steam hammer is also provided if 
forgings are produced, but otherwise this is not required. 

The ordinary direct-fired reheating or “ mill furnace ” is shown 
in Figs. 76 and 77 ; the former being from a photograph showing 
the outside of the furnace, with the two working doors (one of 
which is opened and the other closed in the illustration), the 
piles of puddled bar, the tools, and the trolley employed for 
charging the furnace. Fig. 77 shows a section of a furnace with 
one door — a being the chimney; h, the fireplace; c, the cast-iron 



Fig. 77. — Section of mill furnace. 
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bottom plate d, the working bottom, which may consist of 
sand, ferric oxide, basic slag, or burnt clay; the firebridge; / 
the working door; and g, the firing hole. It will be observed 
that the working bottom slopes to the bottom of the flue, so 
that any fluid cinder that is produced runs away and flows out at 
the line bottom. This slag, which consists of ferrous silicate, and 
whicli is less valuable when a sand bottom is employed, is known 
as ‘Mlue cinder.” 

Ordinary coal-fired reheating furnaces are relatively inexpensive 
to erect and are easily worked ; they are, however, very extra- 
vagant in fuel, while the waste due to oxidation is usually con- 
siderable. On this account gas-fired reheating furnaces have met 
with considerable favour in recent years, as their use has led to 
a markinl reduction in the consumption of fuel, and not unfre- 
quontly also to a diminution of waste equal to 2| per cent, and 
upwards. 

Th(^ ncAV form of Siemens furnace* (Fig. 70) has in particular 
been, adopted for reheating iron and steel, and with this the fuel 
consumption is little more than one-third of that required by the 
dircHjt coal-fired furnace. The temperature employed in such 
furnac(‘H is a white heat, and sufficiently high to cause the metal 
to W(dd tog(}thcr when it is passed through the rolls, to which it 
is taken from the mill furnace. 

Bolls.— ''riie rolls used in iron works are classified according 
to tluur sha|)o and the method adopted in their production. 
They ar(^ geruirally made from a strong close-grained cast iron, 
usually that obtained from a blast furnace in which cold blast 
is cmiploy(Hl. Occasionally steel rolls are used, and these appear 
to b(^ somewhat growing in favour in recent years. 

Bolls may bo classified according to their shape into — 

(1) Flat or riain llolls which are used for rolling sheets 
or plat(‘S. 

(2) (hooved llolls which are required for the production 
of bars, strij), rods, angle and channel iron. 

According to their method of production rolls are classified 

(1) Grain llolls which are produced in moulds of green or 
<lry sand, and iii which the surface of the roll shows the ordinary 
grain of tlio cast iron from which it is made. These are used 
for all roughing purposes and for sections, and in other cases if 
ilu? m(d.al is finished hot. 

(2) Ghilkd llolls which are produced in cast-iron moulds 
or clnlls. They, tlierofore, have a hard white surface of chilled 
inm, which varic'-s in thickness from about | to | of an inch in 
thick ness, according to the size of the casting and the class of 
work for which it is intended. Bolls of this kind are more ^ 
costly, and are employed for the production of sheets, plates, or 

* lloborts-Austcix’s Metallurgy^ p. 262 ; Inst, Journ.y 1890, vol. i.,. 
p. IB. 21 
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Fig. 78. — Largest and smallest rolls used in ordinary bar mills. 
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Htrip, or in other cases where specially fine surfaces are required. 
South Stailbrdsliit’® has long been reputed for the manufacture 
of chilled rolls of the best quality, and for this purpose a mixture 
of several braixcls of cold blast pi© ^^en is melted in the air 
furnace so as to obtain the greatest possible uniformity.* 

The relative of the largest and smallest roll employed in 

a Staflbrclsbire iron works are shown in the accompanying illus- 
tration (Fi<r. 78 ) of part of the interior of a roll-turning shop 
attached to’ such an establishment. The large grooved roll in 
the centre is bhe largo ‘^roughing” roll used in the mill lor 





Fig. 80 .— Gnicle rolls. 

which arc only one size the housings, of a 

Th« general «,rrangemeiit of a of 

.S.d thr» oylind™ .£ ™ whi^ -- 

“vS'iT ntu. eT*.* 

s. S. Xnut., 1892. 
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cast with a hollow cross with roundc^d corners throughout the 
length of each cylinder. These are the ^‘wobhh'rs” which are 
attached to the shanks of the rolls, and are U8('(l to conu(‘ct 
together the two pairs of rolls, so that they may be driven from 
the same engine. A forge train is almost identical in appearance 
with the train of mill rolls shown in Fig. 79, the cliic‘f diilerenco 
being that with mill rolls the surface is more car(dully tunuHl 
and better kept, while the shape of the second pair or “linishing’' 
rolls in the mill will vary more than in the forgo, on account of 
the greater variety in the sections winch have to bo produced. 

A train of guide rolls is shown in Fig. 80. Those rolls roctuve 
their name from the fact that as the iron produced in them is 
very thin it is very liable to twist about in all direc lions as it 
issues from the rolls. On this account it is necessary to pass iho 
metal through holes or guides arranged in front of the rolls ; 
two of these holes are shown in front of the right-hand pair of 
rolls in the illustration. These rolls are cooled by water de- 
livered by pipes which are supplied from a channel shown at 
the top of the figure. An iron channel is also provided at the 
back of the rolls, and along this the heated rod is caused to pass 
as it emerges from the rolls ; in this way the iron is kept much 
more nearly straight, and the danger of the iron suddenly 
twisting around and injuring the workman is minimised.* 

Two high rolls, such as those previously described (p. 322), are 
simple and readily worked ; they are, howc^ver, nfiatively slow,, 
owing to the time necessary for returning the metal to the start- 
ing place after each passage of the rolls. In three high rolls much 
time is saved, and these are largely used in America and also in 
Belgium, Three high rolls are in successful operation in some 
British works, and it is a matter for surprise that two high rolls 
are still used in so many establishments. The details of rolling 
and rolling mills is rather a branch of engineering than metal- 
lurgy, so will not be farther considered in this volume. 

Waste in Beheating Iron. — During the reheating of puddled 
bar, and its subsequent treatment for conversion into finisluHl 
iron, a variable, and frequently a considerable, waste takes place. 
The amount of this loss depends upon a number of circumstances, 
and is due to the following causes : — 

1. Crop Ends , — -The ends of finished bars and the edges of 
plates or sheets are always more or less ragged and irregular ; 
they are, therefore, cropped or sheared to ensure uniformity. 
Not unfrequently also, in finished iron, a definite length of bar 
or width of sheet is required, and any deviation from the 
required size naturally leads to waste. The production of rough 
edges is reduced to a minimum by a careful arrangement of the 
piles, as any irregularity in the position of the bars in a pile 
always leads to spilly ends and rough edges. The weight of 
the pile, when the quality of iron is known, afibrds a good 
* See note at end of this Chapter. 
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indication of the size of the finished iron, and special tables have 
been compiled, such as those published by J. Rose, of Bilston, 
or by Gr. Williams, of Old Hill, for the purpose of affording 
information on this point. The proportional loss from the 
causes just mentioned is greatest in plates and sheets, where 
it may exceed 25 per cent., and least in long bars and strips. 

2. Oxidation . — The oxidation which takes place in the reheat- 
ing furnace often leads to considerable waste. The amount of 
this will depend on the surface that is exposed to oxidation, and 
thus sheets or small piles generally lose more than large bars 
or big piles. Much will also depend on the nature of the fur- 
nace itself, on the draught, and on the attention of the workman 
in maintaining a neutral or a reducing atmosphere. Gas fur- 
naces have met with considerably more favour for reheating 
purposes than for puddling, and they generally show a marked 
economy, nob only in regard to fuel, but also on account of the 
more ready control of the furnace, in the waste of iron due to 
oxidation. When a furnace is filled too full the loss due to 
oxidation is increased, as one portion is exposed to the atmo- 
spliore while the iron first drawn is being worked. Accidental 
circumstances, such as the stoppage of machinery, also lead to 
considerable loss at times. 

3. Nature of Bottom. —The loss in the reheating furnace is 
affected by the nature of the material that is employed for the 
working bottom. When this is composed of pottery mine or 
similar material rich in ferric oxide, the loss is greatest, though 
it is true that this is to some extent compensated for by the 
production of a form of very pure magnetic oxide, know as “ best 
tap ” (or sometimes best “ flue cinder ”), which is one of ^ the 
very best fettlings used in the puddling furnace. Sometimes 
this cinder is allowed to flow away as it is formed, when the 
furnace is said to work with a “dry” bottom, at others the 
cinder forms a layer an inch or more in thickness, and is tapped 
off at intervals, in which case the term “ fluid bottom is gener- 
ally applied. In the latter case especially it is important that 
th(i iron should not be allowed to remain in the furnace longer 
than is actually necessary to heat the piles uniformly throng, 
as otherwise the lower part of the pile will be eaten away by 
the oxidising cinder. In any case it is necessary to turn the 
piles over at the proper time, or to change the position of very 
large piles, as otherwise they will remain colder at the bottom 
than at the top, and will not roll uniformly. Large piles some- 
titncs are placed on pieces of wood of suitable size ; these burn 
away while the iron is heating, and help to heat the bottom ot 
the pile ; in this case the piles need not be moved until the 

charge is withdrawn. , ^ i • 

The most general custom is to employ sand for the working 
bottom of mill furnaces. A sand bottom requires to be repaired, 


320 THE METALLUEGY OF lEON AND STEEL. 

and to some extent renewed, after every lu'at, owinK to faet 
that a combination takes place between th(^ sand and th<w)Xide, 
which is produced on the surface of the iron with Uu^ pnKluciion 
of acid ferrous silicate (FeOjSiO.,), which is quite luHil)le, and 
running off the sloping bed of the furnaces is collected in a 
hollow or in a cinder waggon at the furnace IIihl T\h^ prodm^t 
called “mill” or “flue cinder ” is too rich in silica to of value 
as a fettling, though, on account of its ircedoiu iroin phosphorus, 
it is used with advantage in the blast furnaciL Sand bot.loiuB 
thus tend to combine with the coating of oxide which is first 
produced on the iron, and, by removing this, tlu'y k‘ad to luriber 
oxidation and greater waste ; but they have the advnnifige of 
cheapness, of uniformity in heating, and in the pr()du<di()n of 
clean piles for rolling. 

In order to diminish the loss just referred to, Messrs, l iarbord 
& Tucker have patented the use of basic slag for tb<^ bottoum of 
mill furnaces.* This slag, which is fluid at the temperature of 
steel melting, is sufliciently refractory to form a strtmg and 
practically permanent bottom for mill iurnac(‘S ; and bcung itsidf 
of a neutral or somewhat basic character, it <Io(^s not comliine 
with oxide of iron. The cinder produced makers a good fettling, 
while the waste is less than with cither of th(^ bottoms pnvvi- 
ously mentioned. The author had an opportunity of eandully 
watching the first trial of this material, in 1886, at tlui works of 
the Staffordshire Steel Company, and was much ittipresHiHl with 
the satisfactory results obtained in reheating sttud ingots ; it has 
since been largely employed for iron and steel in diflerent parts 
of the country with marked success. .In some castes it has be<m. 
noticed that the bottom had a tendency to stick to the pil('s, 
but this is stated to be due to the use of infrrior slag in Horn© 
cases, and to want of care in others. Burnt fireclay, in the foi'in 
of crushed pots or drain pipes, is another form of mnitral tnaterial 
which is also used for furnace botton\s. 

4. Quality . — When all other conditions are kept constant, so 
far as this is possible, it is found that the loss in reheating iron, 
varies with the quality, i.e., with the chemical composition of the 
puddled bar employed, and that the loss in the mill furnace 
increases with the proportion of phosphorus retained in the 
puddled bar. In conjunction with A. E. Barrows, the author 
has recently investigated this subject, and for the purpose of the 
experiments, special puddled bars were made from best and from, 
common pig iron of known composition. This puddled iron was 
then reheated and rolled out into sheets in the ordinary way, 
except that no scrap was added to the pile as is usual. Each 
sample was treated in a precisely similar manner, and analyses 
were performed of the puddled bar and of the finished iron ; the 
slag was also determined in each sample, in order to prove 
* Inst. Journ.j 1887, vol. ii., p, 319. 
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whether the difference were due merely to a squeezing out of 
more intermingled slag in one case than in the other. The cast 
iron used in the charge for best iron did not contain more than 
0*5 per cent, of phospliorus and 1*5 per cent, of silicon, while that 
for common iron contained 1*75 per cent, of phosphorus and about 
2*5 per cent, of silicon. The av(irage yield of common puddled 
iron, as determined l)y regular w(ughings at the works, was 5-7 
per cent, gre^ater than that of host ; but on relieating in the mill 
furnace and rolling into sheets, the common iron lost between 
1 and 1 *5 per cent, more than the purer variety ; the nett result 
was, therefore, some 4 5 per cent, in favour of the common iron. 
The analyses of the samples wore as follows : — 



nissT. 

Common. 


Puddled 

Iron. 

Finlrihed 

Shoot. 

Ihiddlod 

Iron. 

Finished 

Slmeet. 

Carbon, .... 
Silicon, .... 
Phosphorus, - 
Slag, .... 

0*00 

0-228 

0*178 

3*83 

o-o;t5 

0-I(i8 

0-176 

2-58 

0 045 
0*275 
0*508 
3*85 

0*032 

0*221 

0*390 

2*85 


It will be seen from these figures that the loss of carbon and 
silicon during reheating was nearly the same in each variety of 
iron, but the phosphorus removed was very much greater with 
the more impure sample than in the other case, and amounted to 
nearly 0*2 per cent. If it be assumed that this phosphorus was 
removed in the form of ferrous phosphate (h"ejj(P 04 ) 2 ), which is 
prol)able, this would correspond to an additional loss from the 
common iron in the mill furnace of 1*13 per cent., which agrees 
well with what was actually observed. The amount of slag 
originally present in each case was for practical purposes 
identical, and the coitunon iron lost 0*25 per cent, less slag 
than the best. '[Fhese experiments appear to show that the 
difference in yield noticed on reheating best and common iron 
is not so much due to any dillerence in the amount of the 
mechanically entangled slag, but that it is, as before stated, closely 
connected with the proportion of phosphorus present in the 
puddled iron.* 

From the foregoing considerations it will bo seen that the loss 
during reheating is lass when the iron to be treated is pure, 
when the piles are carefully weighed, the individual pieces pro- 
perly arranged, and the masses to be treated are as large as 
possible ; while, so far as the furnace is concerned, the waste 

* See Journ. Ohem. Soc.^ 1892, p. 551. 
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is at a mimmum when a neutral bottom is employed, when the 
air supply is so completely under control that there is the least 
possible excess of free oxygen in the furnace, and when the 
machinery and other arrangements of the works allow of the 
iron being drawn as soon as it is ready. 

Effect of Repeated Reheating of Iron. — As it is well 
recognised that puddled iron is much improved in quality by 
being cut up, piled, reheated, and rolled or hammered, and that 
the iron is further improved by repeating the operation, it might 
be assumed that by continuing this process the properties of the 
metal might be again and again further improved. In practice, 
however, this is not found to be the case, and it is only in special 
cases that it is advantageous to reheat puddled iron more than 
once. It has been shown by experiments, in which puddled bar 
was reheated and rolled as many as twelve times, that after about 
six workings the metal began to seriously deteriorate, and even 
in the earlier workings, after the third no corresponding ad- 
vantage was obtained for the fuel and labour expended, and 
the waste incurred. The results obtained were as follows 
{Useful Metals, p. 318) : — 

Tensile Strength. 


Original puddled bar, . 

. 43,904 lbs. per sq. in. 

2iid working. 


62,864 

>) >> 

3rd ,, 


69,585 

9 9 9 9 

4th „ 


59,585 

9 9 9 9 

5th ,, 


57,344 

99 99 

6th 


61,824 

9 9 9 9 

7th ,, 


59,585 

99 99 

8th „ 


57,344 

9 9 9 9 

9 th ,, 


57,344 

99 99 

10th „ 


54,104 

99 99 

11th „ 


51,968 

99 99 

12th „ 


43,904 

99 99 


If it be assumed that the result in the fifth heating was acci- 
dentally low, it will be seen that all the other tests follow in a 
regular succession, the maximum tensile strength being obtained 
with the sixth working. Probably with iron of different com- 
position or character the maximum would be reached at a differ- 
ent point, but in all cases the gradual original improvement and 
subsequent deterioration would be observed. When the metal 
passes into the hands of the smith it is found that if it has been 
worked during its previous preparation so as to bring it to its 
best condition, it has a tendency to “ go back ’’ in forging ; while, 
on the other hand, if the iron has not been unduly worked, it 
improves when properly smithed. For this reason also it is not 
advantageous to often reheat and work iron during the process 
of manufacture, and ^‘best,” “best best,^’ or “treble best” irons 
are obtained not by frequent heatings, as is sometimes stated, 
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but by tlio careful selection of all the materials employed, and 
by systematic and frequent tests of the iron during the various 
H(ag('.s of inauuiacture. 

Soctions of Pinished Iron. — The shape into which finished 
iron is rolled varies according to the purposes for which it is 
licsigned, the chief divisions being plates, sheets, strip, bars, 
angh* iron, and rails, the last being relatively of much less 
importance than formerly. Among the more usual shapes or 
*^s{‘ction.s ” may be mentioned the following: — Bars, including 
rouiul, half round, square, flat, round edged flats, oval, octagon, 
togi'UitT with levelled and bulb iron, and rods ; tee (or T-shaped) 
iron, i.(‘e with round top or edges ; angle (or L-shaped) iron, angle 
iron with unequal sides or round back; channel iron, H iron, 
Z iron ; rails, including single headed, double headed, and 
iiang(^ ; and horse-slioe iron, which is rolled single grooved, 
doubh^ groov(‘d, or concave. Numerous other forms are also 
re(|uir(*d from time to time for various purposes, so that the 
number of rolls which have to be kept in stock at a large 
works with a general trade is very great, not unfrequently 
nimmni.ing to hundreds. As each pair of rolls is generally 
only capable of finishing one section of iron, the cost of the 
H\ipply and maintenance of rolls forms a considerable item of 
tin* i'xpemliture of an iron works. 

Imperfections in Pinished Iron.— The three chief varieties 
of impc'rfection in the appearance of finished iron are — trough 
<ulg('K, Hpilly ])lac(‘S, and blisters. 

(a) Roi((jh edges, when not due to imperfection in the rolls or 
carcl(‘HS working, arc a sign of redshortness, and are particularly 
noticeable in Oat bars or strip. Redshortness may be due to an 
oxccHH of carbon, or to the presence of sulphur, particularly if 
copptu* is also present. Usually, however, if iron has been 
prt>pcrly puddled, practically the whole of the sulphur is 
(diminaied, and the redshort condition is due to the 
ncHH” oi’ tlui iron. Iron is said to he dry when it is deficient 
in fuHibh^ or welding cinder which may be readily squeezed 
out from b(‘twc(m the particles when the iron is worked, 
and HO cnabh^ clean surfaces to be brought together to form 
a good w(dd. A thick dry cinder, on the other hand, leads to 


rcclHhortiKwH, and a of brick or other foreign matter 


rCtIHIIDTOKtHH, auu 1. " “ . , 

which crushes up in the rolls to form a dry powder acts m the 

itlaces are spongy or irregularly spotted parts 
wldch an/not unfrequently noticed m sheets, ^nd which 
are occasionally mot with in all kinds of wrought iron. 
'I'hcy arc gcm'rally due to imperfect 

1 art the iron, when coming to nature, has been oxidised 
i:;ie than another. If the heat has been thoroughly well 
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worked, and the iron uniformly mixed, spilly places are seldom 
observed. 

(c) Blisters are not unfrequently met with in sheets, and lead 
to considerable loss and inconvenience. They are much less 
common in steel sheets than in iron, and some experiments con- 
ducted in 1893 led the aiithor to attribute the formation of 
blisters to a reaction between carbon and oxide of iron in wrought 
iron of inferior qualit}’’. This view is in accordance with the 
experiments of A. Friedmann, who collected and analysed the 
gas contained in a number of blisters. This gas was found to 
contain over 70 per cent, of carbon monoxide, the remainder 
being chiefly carbon dioxide, with some nitrogen and hydrogen. 
Inside the blisters a quantity of scaly matter is found, which 
Friedmann states to consist of about two-thirds silica, and 
nearly one-third iron alumina te (FeAlOg), together with small 
quantities of other oxides.* 

Bolling Steel. — The demand for mild steel in small sizes is 
steadily increasing, and in many works even where puddling is 
carried on a good deal of mild steel is bought in the form of 
billets and rolled into smaller sizes. It is found that the waste 
in reheating and rolling steel is less than with wrought iron, 
partly because in puddled bar there is a quantity of slag, which 
has to be squeezed out by the rolls, and thus leads to a diminu- 
tion in yield. As the steel billets ai’e cut level at each end, 
the loss due to crop ends in the finished state is also less, while 
as steel is not heated to so high a temperature the loss due to 
oxidation is proportionately diminished. At the same time 
the power required to roll steel is greater, as the two important 
factors which determine the power needed are the tenacity of the 
metal and the temperature at which it is rolled. The tenacity 
of mild steel is about one-third greater than that of wrought iron, 
and increases with the addition of carbon. The tendency to 
‘‘ burn the steel also increases with the content of carbon, so 
the high carbon steel cannot be heated to so high a temperature 
as mild steel, while wrought iron will stand the highest tempera- 
ture without injury. In some experiments on the rolling of deep 
joists 50 feet in length, it was found by F. Braune t that when 
the circumferences of the rolls were speeded in the proportion of 
14 to 11 faster for steel than for iron, the power recjuired for 
rolling mild steel is about three times that needed when rolling 
iron ; the power required to roll high carbon steel is still greater 
than that used with mild steel. 

Physical Properties of Wrought Iron. — The tensile strength, 
ductility, and other properties of wrought iron vary with the 
composition and method of production, though, as the percentage 

* Inst. Journ., 1885, vol. ii., p. 645. 

t Proceed. Inst. Q.E., vol. Ixv., p. 441. 
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of carbon is always tolerably low, these variations are not nearly 
BO great as in the case of different varieties of steel The size 
snd shape of the piece exert a marked effect on the tenacity and 
ductility, it being observed that smaller bars and thinner plates 
possess a greater tenacity on account of the work which has been 
done upon them, and the fibrous texture which this work developes. 
On account also of this fibrous texture, which is so characteristic 
of good wrought iron, the tenacity, if measured in the direction 
of tiie fibre, or “grain,'’ is greater than when determined across the 
piece. The tensile strength of bars with the skin on, as they 
come from the rolls, is also greater than in the same bars when 
tbey hav(i been turned in the lathe. The observed tenacity of 
wrought iron varies from about 18 to nearly 30 tons per square 
inch of original sectional area, and engineers specify from 17 to 26 
tons, according to the size and quality required. In some cases also 
it is specified that the tensile strength measured across the grain 
shall not be more than 2 to 4 tons less than that measured with 


the grain. The stress necessary to produce a permanent defor- 
mation of shape, or “ permanent set,” is called the “limit of 
elasticity,” and is fairly constant in different varieties- of iron, 
being seldom less than 12 or greater than 16 tons to the square 
inch. Tensile tests alone are not a sufficient indication of the 
quality of iron for constructive purposes, as both an extremely 
pure or a very common material usually have a relatively low 
•tensile strength, while the greatest tenacity is associated with 
an intormediate chemical composition. For many purposes 
the ductility of a sample of iron or steel affords more infor- 
mation than can be obtained by tensile tests, and it is usual 
to specify both classes of test in materials to be employed in 


oonatruction. 

Ductility is measured by means of a tensile testing maemne, 
and is expressed in two ways — by percentage extension of original 
Length under tension, which is generally known as^ “elongation; 
and by the percentage difference between the original area and 
bhe area of the fractured test piece ; the latter is calculated on 
blie original area, and is known as the “ contraction ” or “ reduc- 
tion of area.” ^ j. i 

In measuring elongation it is important that the original 
length of the sample should be stated, as the purely^ local 
extension which takes place in ductile metal at 
fracture will bear a larger proportion to a short than to a 
longer test piece. This is illustrated in the following tahl^ 
showing the percentage elongation of a number of samples of 
iron, wbch were in each case tested m three ^ ’ 

the tests were performed at University College, Londo . 
these it will be seen that the percentage elongation is greater 
•with sliort than with long test bars 
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LongtliB of Tost Fioues. 

Number of 




. 

Sample. 





Of Inches. 

OJ Indies. 

Indies. 


l>or Coiit. 

For Cent. 

l»er Cent,. 

1, 

4*Ui 

4-90 

0*4t) 

2 , 

5-12 

5 •1)2 

7 '04 

3, 

4*05 

4-48 

5*70 

4, 

0-40 

7-20 

8 -Of) 

s, 

7-47 

8 ‘DO 

10*20 

6, 

11-20 

12*50 

13*80 

7, 

5-33 

5-44 

7*04 

8, 

8-75 

9-12 

10 fK) 

% 

2*50 

2*88 

3-84 

10, 1 

9-39 

10*13 

11*2 

Average, 

6-4 

7-0 

8*5 


The usual length of test piece employed by the Admiralty 
and other important boards for wrought iron is 8 inches. For 
scientific purposes a length of 10 inches is sometimaB preferred. 

The contraction of area of wrought iron is influenced by the 
shape, and to a smaller extent also by the size, of the test piece. 
The greatest reduction of area is ol)tained with !*ound bars, flat 
bars are somewhat less, angle iron less again, whiles plates or 
sheets show least reduction. The contraction in iron of good 
quality may vary from about 3 per cent, with thin platens, to 
45 per cent, or even upwards with round bans. Th(i following 
"figures give the result of tests of four samples of wrought iron, 
two of unusually good, and two of unusually bad, (juality, anci 
illustrate the fact that in each case the elastic limit is about the 
same, and that the tenacity of very pure Swedish iron is less 
than that of the very common iron t(istod at the same time. 
The contraction of area and the elongation were, however, very 
much greater with the Swedish and best Yorkshire iron than 
with the two latter inferior varieties. The grtiat importance of 
ductility tests in such cases is very evident, as metal deficient 
in ductility, though stronger, would be very liable to fracture 
suddenly when subjected to strain in practice 


Variety of Iron. 

Form. 

Dlmlt of 
Elasticity, 

Tensile 

strength. 

Con trac- 
tion of 
Area. 

Elongation. 

Swedish charcoal, 
Best Yorkshire \ 
(Bowling), / 
Very common, . 
Puddled iron, 

1 in. sq. bar 
llin. round bar 

1 in. sq. bar 
i-inch plate 

Tons. 

12*25 

13*7 

13*75 

13*8 

Tons. 

19*6 

22*7 

20*98 

18*0 

Per Cent. 
72*18 

55 

5*29 

4*5 

FarO't. I«i. 
56 on 

29 on 10 

1*5 on 3| 

3 on 10 
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In conducting experiments with a tensile testing inachin 
will bo obstirvcul that if tlui load bo applied quickly, so 
allow little time for the metal to adjust itself to the iucrc^ai^ 
stress, th(^ tensile sirength recorded will be more, and the elot 
tion and nuluction in area less, than when the tests 
perfornuid slowly. Such dillerences are, however, usually 
great, except whim extnuiie variations of speed are adopi 
The follow iiug suggestions for a series of standard uniform t< 
have been made by T. JVIorris of Warrington, who has ] 
exceptional experience in the manuractur(^ of wrought ii'on. 



“ Bkst.” 

“ Biot Best.” 

Form of Iron. 






TiniHile, 

(Jontriiet.iou 

Tonsil 0, 

Uontraci 


Toii.s ]H>r 

of An'ti 

'Pons per 

of Arc 


S(iuaro Inch. 

I>or (.'out. 

H(in}iro Inch. 

per Uoi 

Itounds and sipiarea, 

2‘j-r> 

20 

23 T> 

30 

Flats, .... 

22 

15 

23 

20 

Anglos and tees, 

ilT) 

12*5 

22 

17f) 

Plate.s W'ith grain, . 

21 

8 

22 

10 

,, across grain, . 

17 

4: 

I 

18 

5 


Morris considers that iron of the form and (lualitios al)( 
given may be (expected to regularly conform to those tei* 
but that in bars if the tenaeiiy b(^ (Ldujiont the iron should 
deemed satisfactory if tlu^ ductility b(^ cornisponclingly hi^ 
and also that in plates the iron should bo (h'omed satisfact 
if the nu^an tensile stremgth, as nuMisured with and across 
grain, he (upial to that above given. By making such allowancej 
meet accidcmtal variations such as are ohsiu’ved in iron of g< 
quality, it is luild that no results xkhkI bo lower than th 
suggested by Morris.* 

The tests and r(Hj[uireTnerits of structural wrought iron r 
steel have also boon considered at length by A. E. Hunt ii 
paper road before the American Institute of Mining Enginooi: 

InH., Fcl>., 1893. 

Journ.i 1892, vol. i., p. 479. 


2^of .€, — The rolls shown in Fig. 80 consist of two sots, known rospoctiv 
as the “ovals” and the “finishing” rolls. In rolling small sir-os ii is 
unusual to couj)le these directly together, a.s sliown in the illustrati 
Both pairs thoxi rotate in a simihir manner and deliver the iron in the as 
direction. The iron having passed through the “ovals ” is brought b, 
and turned into the “finishing ” rolls. In order to do this, before it yiaj 
into the guides proper, it is passed round the circular iroxi cylinders 
spindles, shown in the illustration. 
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CHAPTER XYII. 

CORROSION OF IRON AND STEEL. 

The stone bridges, buildings, and other structures erected in 
past ages have under favourable conditions remained unaffected 
by atmospheric influences for centuries. Iron, on the other 
hand, while it possesses great advantages in respect of strength, 
lightness, ductility, and convenience, is liable to deterioration 
by the combined action of air and water, and when continually 
exposed to such influences may become so rapidly weakened as 
to lead to serious inconvenience or to grave danger. The result 
of the oxidation of a boiler plate^^ a girder, a rivet, or a wire rope, 
for example, may lead to disastrous results ; and it therefore 
becomes necessary to indicate the conditions which cause such 
important changes, and the methods which are adopted to pre- 
serve iron and steel from atmospheric influences. 

Rusting. — It is a matter of general observation that iron rusts 
when exposed to moist air, and that this rusting gradually pro- 
ceeds until the whole of the metal is converted into a bulky 
brown substance which consists of hydrated oxide of iron. Al- 
though the ultimate result of the rusting of iron is the production 
of ferric oxide, it was shown by Mallet that magnetic oxide is 
prodace<^ in the first place.* This observation is confirmed by 
analyses of rust given by J amiesOn, f while the results of a number 
of analyses by Professor Liversidge have also proved that rust, 
whether produced naturally or artificially, almost invariably 
contains ferrous oxide, and is attracted by a magnet. J 

The following analyses of rust are by Crace-Oalvert : — § 



Conway Bridge. 

Llangollen. 

Ferric oxide, 

93-094 

92-900 

Ferrous oxide, 

5-810 

6-177 

Ferrous carbonate, .... 

0-900 

0-617 

Silica, 

0-196 

0-121 

Ammonia, 

trace 

trace 

Calcium carbonate, . . . . j 


0-295 


Hie volume of the rust is much greater than that of the iron 


* B. A. Beporti 1838, p. 258. f iTist. vol. Ixv., p. 325. 

t Inst, Journ.y 1892, voL L, p. 482. § Chem, JVewSf vol. xxiii., p. 98. 
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from whicli it is produced, and some observations by Bauerman 
have shown that malleable iron produces about ten times its 
own volume of rust.* Like other porous substances rust has 
the property of condensing in its pores and absorbing various 
gases, particularly water vapour and ammonia. 

Causes of Bust. — An interesting account of the earlier ob- 
servations in connection with the causes which lead to the pro- 
duction of rust has been given by Mallet, f while the information 
has been extended by the experiments of Orace-Calvert,J and 
summarised and brought up to date by Crum Brown.§ The 
whole subject of corrosion has also been dealt with at consider- 
able length by H. M. Howe, in his Metallurgy of 8teel, 1892, 
p. 94. 

It was shown by Marshall Hall so far back as 1818 that pure 
iron is not attacked at any temperature below 100‘’ C. by pure 
water which had been freed from dissolved air ; nor does pure 
air or oxygen act upon iron at ordinary temperatures. The 
author has hermetically sealed bright iron in glass tubes con- 
taining pure water and dry air respectively, and found the 
metal perfectly bright and unaltered after being so kept for 
seven years. 

Crum Brown states that the essentials for the formation of 
rust are liquid water, oxygen, and carbonic acid, though under 
special circumstances other acids may of course take the place 
of carbonic. Iron remains quite free from rust in an atmosphere 
containing oxygen, carbonic acid, and water vapour, so long as 
the water does not condense on the surface of the metal. Neither 
does rusting take place so long as the water contains an alkali, 
such as lime or potash, which is capable of combining with car- 
bonic acid i but when t}i(3 alkali lias by long exposure combined 
with the carbonic acid of the atmosphere rusting commences. 
The soluble carbonates and bi-carbonates of the alkali metals 
also prevent rusting, according to Crace-Oalvert. The stages in 
the formation of rust are, first, the formation of ferrous carbonate; 
secondly, the solution of this in carbonic acid water as ferrous 
bi-carbonate; and thirdly, the decomposition of ferrous carbonate, 
in presence of air and moisture, to form hydrated ferric oxide, 
magnetic oxide being formed as an intermediate product, as 
already stated. No carbonic acid is used up in the process; 
but as rapidly as it is set free from the carbonate it is at liberty 
to attack more iron. The rust, from its hygroscopic character, 
favours the absorption of moisture from the air, so that iron in 
contact with rust will continue to oxidise in an atmosphere which 
is not saturated with water vapour. The presence of rust also 
favours further oxidation owing to its electrical action when in 
•contact with iron. 

* Inst. Joum.f 1888, voL ii., p. 135. B. A. Report, 1838, p. 254. 

t Loc. cit. § Inst. Joum., 1888, vol. ii., p. 129. 
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According to Mallet, rusting proceeds more slowly in pure than 
impure water ’ and with fresh water and air it takes place more 
rapidly between 175° and 190*’ F. than at any other temperature. 
Water containing putrefying organic matter acts very rapidly on 
iron, as might be anticipated from the presence of carbonic and 
other acids. Rusting is also more rapid at a river mouth than 
with either salt or fresh water alone, as the layers of fresh and 
salt water, which are met with at the mouth of a tidal river, lead 
to a different electrical condition in the upper and lower parts of 
the iron. Cast iron with the skin on, as the casting is taken out 
of the mould, resists oxidation much more perfectly than if the 
protecting surface is removed ; while clean cast iron corrodes 
more quickly in fresh water, and more slowly in sea water than 
wrought iron. Of different varieties of cast iron, those which 
are grey and possess a close texture appear to resist corrosion 
best.* 

In more recent experiments, conducted by Gruner in 1883, it 
was found that cast iron with cleaned surfaces is less attacked by 
air and moisture than either wrought iron or steel, though it is 
more rapidly acted on by sea water or diluted acids. White cast 
iron was also more attacked by sea water than grey iron, but less 
by moist air or diluted acids, t 

The ironwork in railway tunnels and similar places is specially 
liable to rusting, as such positions are usually damp, and the 
drainage water frequently contains salt in solution. The sulphur 
dioxide in the gases evolved from the locomotives also assists in 
producing corrosion, and sulphuric acid to the extent of from 0*4 
to upwards of 3 per cent, has been found in rust from railway 
tunnels, t Thbrner has also confirmed the observation that rust 
in railway tunnels frequently contains sulphuric acid, and states 
that where much sulphur is present the parts kept wet by the 
dripping of water rust less rapidly than the rest of the iron- 
work.§ 

Corrosion is promoted by the presence of copper, lead, or other 
metals which in contact with iron and water become negative, 
and lead to the production of an electric couple. Hence, as 
pointed out by E. A. Davy,|| copper or lead should not be used 
in contact with iron which is exposed to the action of sea water; 
though it has been observed that zinc-copper alloys, when not too 
rich in copper, on account of the zinc they contain exert a pro- 
tective action. R. Mallet states that iron is protected as com- 
pletely by an alloy of twenty-three parts of zinc and eight parts 
of copper as by zinc itself, while the protecting metal is scarcely 
attacked by sea water.1T On the other hand, alloys of tin and 
copper promote corrosion. 

* B. A. Report^ 1843, p. 1, et seq. t Compt Rend., vol. xcvi., p. 195. 

t Inst. Journ., 1889, vol. i., p. 390. § Ibid., 1889, vol. ii., p. 470. 

11 B. A. Report, 1835, p. 35. IT Ibid,, 1840, p. 262. 
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Sulphur, when in the form of sulphides, also assists in 
corrosion of iron, as in the case of sewage, wiiich, eHp(‘cially w 
mixed with sea water, very rapidly attacks any iinprotc< 
surfaces of iron witli the formation of ferrous sulphichL W 
sulphates are present together with decomposing organic mat 
the sulphates arc redneod to sulphide's, and thus UmkI to tlio ; 
duction of sulphnh^ of iron, ft is probable that by an actio: 
this charact(‘r most of the native dt^posits of iron pyrites < 
their origin.* 

A 11(5 w source of corrosion in xinderground iron pip(5S has ari 
in recent years with the extend(5d use of electrie.ity for lighting 
traction ])urpos(5S in the strt'ets of larg('i towns. 1 1 is obser 
that a diHercnce of m(5r(‘ly a fraction of a volt in (^It^ctric poten 
between pipes and tlie damp (‘arlli leads to an ebsc'.trolytic act 
whereby the iron is rapidly corroch'.d. This subj('(5t has b 
investigat(‘d by I. IL Farnliam,t who concludes that sah^t] 
best assun'd by fre(juent nu^asurenn^nts of the voltage betw 
pip(‘8 and tlu5 earth, and ])rotecting conductors should b(5 in 
duced or (5hang(5d as shown to be nec('Hsary. Appartmtly ib is 
practicabl(5 to propi'rly insulate, or to ('ih'ctividy break th(5 nn^tn 
conductivity of underground pipes, and Jiitberlo th(5 most eflici 
prot(5ction has bec^n obtained by tluj U8(5 of larg(5 conduct 
extending from the ground<5<l si(k5 of the dynamo through 
danger territory and connected at every few l)iun(lr(5(l hset to s 
pi])es as are in danger. 

Varieties of Hust.-^-In a pa})(5r (h'aling with the internal < 
rosion of cast-iron pipes, M. J. Jamieson states that th(5 into 
of corro(i(‘d pipes is geru5rally in one of two conditions. When 
iron is directly exposed to the action of th(5 water the rus 
uniformly diHtribut(5d, and grows rapidly. Wher<5 th(5 iron 
been prot(5ct(5d by a coating of asphalt the rust appciars 
detaclu'd earbuiu^h's or knots, wln^re the ])rot(5ction is weak' 
and gradually spn'.ads ov(ir th(5 wliolt^ surfa<5(5, nltimatcdy gr* 
ing as ra|)idly as wlum th(5 iron was nnprot(5ct(5d. Ibie corros 
appears to 1x5 proportional to the volunu^ of wattir j)aB8ing tbrot 
the pipe. C^ast-irou wat(5r pip<*s n^eptire to 1x5 r(5gularly clean 
from rust wh(5n in uh(‘, as this pr<5ventH the pip(5S from becom 
chok<5d, and diminislnsB th(‘ corrosion. J 

Mallet had previously noticed that in some caB(« of corroH 
in s<5a wat(5r th(5 surfacic^ of the iron remained pc^rfectly bright t 
cl(5an thougli the metal was gradually dissolvc^d. In riv(5r wu 
it not unfr(*(|U(5nitIy happ(5n8 that the rust forms a firmly adh<5r 
crust, wlul<5 the usual form is a loose brown or r<5(ldish-bro 
powder. Tht5r<5 is, however, another vari(5ty, to which Ma 
gave the nanus of tubercular corrosion/’ and to which J amiei 

* Journ, ^oc. Ohe.m, IndnaL^ vol. x., p. 2,17. 
f A mer. Hoc. Elec, April, IS94. 
t IiMt. (J» E., voL Ixv., p, 

.. i) 


338 


THE METALLUEGY OF IRON AND STEEL. 


refers above. This is due to irregularity in the composition of the 
original metal, or to local conditions of the metallic surface where- 
by the rusting is confined to special points of the surface. The 
result is the formation of little mounds of rust, with ^‘pitting ” 
of the metal underneath. This form of corrosion is not unfre- 
quently met with in tubes, boiler and ship plates, and other iron- 
work, and is usually very rapid in its destructive action. 

Relative Corrosion of Iron and Steel. — Great differences of 
opinion have been expressed on the subject of relative corrosion 
of iron and steel, and various experimenters have obtained re- 
sults which are apparently most contradictory. These differences 
have arisen, the author believes, on account of conclusions being 
drawn from limited observation, or special circumstances; while 
much confusion has arisen from failing to recognise that the 
conditions in fresh water, salt water, the interior of a boiler, or 
in diluted acids are all different, and that a specimen which may 
very successfully resist corrosion in one of these cases may readily 
oxidise in another. 

On account of the greater uniformity in the physical properties 
of steel, and the laminated character of iron, it was anticipated 
in the early days of the use of mild steel that it would resist 
corrosion much better than wrought iron. Thus Sir L. Bell 
expressed the opinion that the cinder in wrought-iron rails would 
set up galvanic currents, and thus lead to more rapid corrosion.* 
Experience has, however, shown that on lines where there is 
very little traffic, and the chief agent of destruction is corrosion, 
wrought-iron rails wear better than steel. 

The result of the experiments of the Admiralty Committees 
which were appointed to consider the causes of the deterioration 
of boilers, and which issued reports in 1877 and 1880, led to the 
conclusion that in all cases wrought iron resisted corrosion better 
than steel. Where the conditions were not severe the differences 
observed were not great; but where the plates were daily dipped 
in water, and exposed, during the rest of the time, to the action 
of the atmosphere, the superiority of iron was very marked; 
while common iron was less affected by corrosion than best 
Yorkshire iron, which is in accordance with the statement of 
Gmelin that phosphorus diminishes corrosion in iron. The fol- 
lowing percentages in favour of iron were obtained in these 
experiments : — 

Common iron resisted corrosion better than Yorkshire iron 9*6 per cent. 
Yorkshire iron resisted corrosion better than mild steel 16 „ 

In another series of experiments, conducted by D. Phillips, in 
Cardigan Bay, and lasting for seven years, it was found that the 
average corrosion of mild steel during the whole period, was 
126 per cent, more than wrought iron.t The independent ex- 

* Inst. Joum., 1878, vol. i, p. 97. 

fimt. C. U., vol. Ixv., p. 73; Inst. Marine Eng.^ May, 1890. 
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pt^rimonts coiKhicto.d by T. Ati(irews* also showed that wrought 
iron corroded h^sH rapidly than nuld steel whoa tho cleaned 
motallie Hurfatu^s wen^ (‘,xpo,s(Hd to the action of sea water. 

dlio comduHions of the Admiralty Oominittoo and of Mr. 
Phillips aroustnl much adverse criticism, and it was shown that, 
though steel is mort^ adectiMl by ordinary atmospheric corrosion, 
it is not usually mon^ adeetu^d when in the form of a steel boiler. 
This was stated by W. Park(n‘,t who based his conclusions on 
tho result of ov(U' 1,100 actual examinations of boilers; and his 
observations wtu'o. confirmed by many experienced makers and 
umu’B of boih'rs who took part in tho discus.sion of his paper, 
Hir W, Hiemens also statiul that experiments at Landoro had 
nliown tliat though in tho open air wrought iron corrodes loss 
than mild stetd, experimme with the working of boilers was in 
favour of the lattiT ; Sir lleury Bessemer and otlusrs likewise 
bore tt»stimony to th(!i same ed\^ot;{ while W. Jolm, as a result 
of consideraUh^ (‘xpi^nence in tho construction of ships, stated 
tliat the protection of mild steel ships from corrosion is purely a 
<|ueHtii)U of care and mainteuanct‘,j5 and tho correctness of this 
view has betm fully proved in tho interval that has since elapsed. 

It is gemuully heliiwed that the presence of manganese in steel 
inenuiojeH the readiness with which it rusts or corrodes. This 
view was held hy Hir W. Bimaena, who stated that as tho man- 
ganeie in mild steid incniased, so tlie tendency to corrode became 
gr«^ater,|j while Ch J. Hindus has ascribed tho pitting in steel 
U) the irregular distribution <if manganese in the motaLU The 
autlior has observcnl that certain samples of manganese steel rust 
more readily than any other variety in tho collection of specimens 
at Mason Uollege, while it is well known that rich forro-man- 
gaimse, when expostsl to moist air, oxidises with extreme rapidity. 
On tht^ otlu^r hand, the author has kept samples of IB per cent, 
silicon pig expostul to the fumes of the laboratory for several years 
without producing any appreciable quantity of rust ; it has also 
long been obst^rvtul that mettioric iron, which always contains 
mom or less nickel, shows but little tendency to rust in air. 

The experiments of Faraday hnl him to the conclusion that 
mt«t of the alloys of stead with other metals oorrod(‘ less readily 
in moist air than unalloyed steel ; while, according to Mallet, the 
alloys of potasHium, sodium, barium, aluminium, manganese, silver, 
platinum, antimony, and arsenic, with iron corrode more rapidly 
than pure iron ; wliile tlie presence of nickel, cobalt, tin, copper, 
mercury, and chromium affords protection, the effect being in 
each ciwe in the order given.** 

Q-almnio Action of Iron and Steel. — It is important where 

* ImL (I i?., voL Ixxvii., p. 323; voL Ixxxii., p. 281. 

Jtmrn,, 1881, vol i., p. 39. (I B,, vol Ixv., p. 101. 

I !mL JmnL, 1884, vol. i., p. 151. |{ /6£d., 1878, vol. i., p. 44. 

If ibitL, 1881, vol i., p. 66. B, A. Report, 1838, p. 266. 
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structures of iron and steel are exposed to corrosion that the 
materials should be as uniform in character as possible, owing to 
the liability of a destructive action being set up by tlu? union of 
metals of different electrical character. Such an action is 
observed when cast iron is in contact with wrought iron, as in 
water heaters with wrouglit-iron boilers and cast-iron tubes ; in 
such cases the wrought iron is liable to be rapidly attackcul, 
though in this case the action is no doubt accelerated by the 
scale on the surface of cast iron. It has also been stated by 
many experienced observers that when wrought iron and steel 
are in contact, in the presence of water, an electrical action 
results whereby the steel in the vicinity of the iron is rapidly 
attacked. It has, however, been pointed out by D. Phillips, that 
while in some cases much local action has been observed when 
iron rivets have been used in steel boiler shells, there are nume- 
rous cases of such construction where no injurious effect has been 
noticed ; * and some experiments communicated to the same 
institution by J. Farquharson, in March, 1882, showed that 
while steel plates, when tested alone, lost about 1 2 ozs. by cor- 
rosion, and iron plates when similarly tested lost about 1 1 osis,, 
if the two plates were in electric contact th(i steol lost otdy 
about 4 ozs., while the iron lost 21 ozs., thus showing that in this 
case at all events, the result of the electric action was to protect 
the steel at the expense of the iron. W. Denny has also recorded 
a case of a steel ship in which the whole of the sliell platcm of tlie 
vessel were perfectly free from corrosion, while the iron Btc*rn 
plate and rudder forgings were mucli attacked. t ffh(^ explana- 
tion of the apparently contradictory results noticed by prt^viotm 
observers, is probably to be found in some observations by 
Andrews in the course of some experimtmts on thc^ galvanic 
action between different varieties of iron and steal during 
exposure to sea water. In these experiments metal of known 
chemical composition was employed, in the form of round rods, 
which were carefully turned and polished before use. The rods 
were immersed in seawater in a standard cell, together with a 
standard rod of wrought iron, and frequent observations of the 
electro-motive force of the couple were made with a delicate 
galvanometer. Though it was observed that the staiidard 
wrought iron was electro-negative to all the samples tested, it 
was also noticed during a lengthy course of experiments that a 
complete interchange of electro-chemical position occurreni in the 
case of every metal at various times during the observations. 
These interchanges of position sometimes took place even after 
very considerable intervals, and it is doubtful whether a per- 
manent position of rest finally ensues between the two metals, 
though eventiiaJly the galvanic action becomes very smalLJ It 

* Inst Mar, Eng., May, 1890. t Inst Journ,, 1881, vol I, p. 63, 
tlnst G. E.y vol. Ixvii., p. 330. 
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may therefore he concluded that thon^^h with diHsimilar metal, 
such as cast iron ami wrought iron, the galvatde. action may he 
considerable, in tlu‘ case of mat(n*ials which ar(^ mon^ alik(\ such 
as wrought iron and mild stt^<d, it is (^xtu^ptional for tlu^ corrosion 
from galvanic action to he v(^ry great, although its o(Huirnuice 
should never Ix^ overlook<ul ; and wluni this action does occur, 
though it usually h‘ads to the corrosion of tlu^ sttud, it not un- 
fn‘(|uetitly has a contrary iidlmuice. Tln^ daug(u* of greatly 
incr(‘ased cornmion with dissimilar m<d<als is much diminished 
by their t(uuhuicy to polarist^ <‘ach other’s action, and Ihus lead 
to an interchang('! of (d(*ctrO“chmnical position. Galvanic action 
bt^twtum wrought iron and Ht<ud also appiws to tnaU^rially 
r<‘duced in the course of tim<‘ ; otlnu'wise tlu^ liability to (h^struc- 
tiv(‘ corrosion, though m‘ver iuconsithu’ahh^, would bi^ more for- 
initlabh^* 

Eifoct of Scale on Corrosion.— That ordinary ferric oxide 
or rust acts elt'ctrically on lln^ suriai'.e of iron and stetd, and thus 
promott's corrosion, has long Ihhui acku()wl(Hlg(‘(l, and the evidence 
that mill scah‘, or black oxid<^ of iron, atd.s in a similar manner, is 
now v<ny strong. Thus Sir N. liaruabyt has statini tvhat the 
action of oxides is as strong and as c.ontinuous as that of copper, 
and Sir VV, M, White |, ohst'rves that the opinion is not in any 
way speculative, but that mauy caredul exp(unm(mtH conducted 
at Portsmouth have* proved that whan black oxid(i was left on 
portions of steel plat<m it prodiuuul pitting. W. Jolm has also 
describedfj how, on examining stnall mounds of rust on the 
outside of a rtmently lauuclnul Hi, ml vessid, hmnd that under 
emdi heap rust thert^ was a small hole in the pjunt, not larger 
than tlu^ size (»f a pin’s head, and that Ixunxith (xudi hole was 
amlxuhled a small particle of black oxidt^ in a pit in tin-plate. 
Tln^ (dtudrical asp(ud.s of the <!aH(^ have also i»cxm stinlied l)y 
difh'rent observt*rH. .1. Karquharson has (b‘H(;rib(xl an (^xpen- 
nn*nt,|| in which two plaU».s, ont', of iroti and om^ of Bt(ad, were 
carefully chmned from H<tale, when it was fotind that they cor- 
rodtnl pratd.ically alike, but on combining on(' platii, (dthar of 
iron or sttud, with the skin on, with anoUum similar plate from 
which the skin had be<m r<unov<Ml, it was found that tlu^ former 
did not corro<le, whih^ Uie latiu* corroded vmy rapidly, thus 
proving tln^ scale to he. negative to iron. In 1HB2 T. Andrews 

took eleven plates of wrought iron, which W(me b(ud; over in a 

shape, one half being cov<m(Hl with scah^ n,nd th<^ oilum half 
polishiul bright ; they were iinim^rsc^* in a ccdl with <dean sea 
waiter, so as to mak<^ a battt»ry, and the curnmt productnl passed 
through a gal vanonmU^r. It was olmerveil that tlu^ bright iron 
■was positive to the scale, and a didhsction of IT** was obtained on 

* T. Amlrcws, 7'ma^r. H* iS\ A'., vol. xxxil, L p. 2 IB, 

f imt. Jmirth, 1879, p. 158. t IhhL, IHHl, vol i., p, 08. 

§ IbkL^ IH84, p. 15(1 It !mL 0. A/., vol. Ixv., p. 105. 
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the galvanometer j this steadily decreased during^ the observa- 
tions, until on the fourth day it was only 0*75”.* Professor 
Y. B. Lewes also states t that it is a well recognised fact that 
magnetic oxide of iron increases the corrosion of iron by its 
galvanic action, and has supplied experimental proof of this fact 
by taking two clean plates of mild steel, separating their surfaces 
by a sheet of blotting-paper moistened with sea water, and con- 
necting them through a galvanometer, which then registered a 
deflection of 20”; on covering the surface of one plate with ferrous 
oxide, the deflection was only slightly increased to 25 ° ; on coating 
one of the surfaces with hydrated ferric oxide a deflection of 65 
was obtained, while rust gave a deflection of 110”, and magnetic 
oxide the maximum deflection of the whole series, namely, 112”, 
thus showing the great galvanic activity of this oxide. In spite, 
however, of such apparently conclusive evidence, D. Phillips, in 
his paper read before the Institute of Marine Engineers in 1890, 
adduces reasons for believing that the scale of black oxide acts 
as a preservative of the iron and steel immediately underneath, 
and asserts that though the iron plates employed by the Admiralty 
are often pickled to free them from scale, it is not unfrequently 
found that even then the steel wears irregularly. It is possible 
that, as the scale in Phillips’ experiments was artifically prepared, 
it may have partaken more of the character of the Bower-Barff 
oxide, which has been shown by Tweedie to have the power of con- 
fining corrosion to any spot where the scale was broken, and to 
prevent the ‘‘lateral” rusting observed with ordinax'y surfaces. J 
Corrosion in the Presence of Diluted Acids. — The re- 


sistance offered by different varieties of iron and steel to the 
corroding effect of diluted acids depends greatly upon the nature 
and quantity of the elements which are associated with the iron. 
Thus Faraday observed that though 0*25 per cent, of platinum 
greatly increased the rapidity of the action of sulphuric acid on 
steel, the corrosion was less powerful with 1 per cent, of platinum, 
was feeble with 10 per cent., while with 50 per cent, of platinum 
the action was the same as with the original steel, and with 90 per 
cent, of platinum the alloy was unattacked by sulphuric acid.§ 

R. A. Hadfleld || has observed an opposite effect in the case of 
chrome steels. The samples to be tested were immersed in 50 


per cent, sulphuric acid for 
percentage loss was obtained 


twenty- one days, and the following 


Chrommm, per cent.. 

1*18 

Loss per cent. 
3*32 

J> a 

. . . 6*19 

4*78 

>1 

. . . 9*18 

6*62 

Mud steel, . , 

• • • ■ • 

7*48 

Wrought iron, 

• • • t • 

4*47 


* Tram. E, S, E., vol. xxxii., I., p, 215. 

t Imt. Joum., 1887, vol. i., p. 461. J Hid., 1881., vol. i., p. 178. 

§ B. A. Report, 1838, p. 265. 1| Inst. Journ., 1892, vol. ii., p. 92. 
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From tins it will be seen that though the addition of a little 
chromium diminished the loss due to corrosion, this loss became 
greater as the proportion of chromium increased. 

Some experiments conducted by Professor Ledebur* with 
various kinds of iron showed that the resistance to the action 
of dilut(Hl sulphuric acid increased with the proportion of carbon. 
The acid used had a density of 1*05 ; the metal was employed in 
tlu^ form ol cubes, and was allowed to remain at rest for sixty- 
five days. The percentage loss of weight in each case was as 
follows 


Wrought iron, 88*60 

English tool steel (untempered), . . . 66*50 

EetirKtcl charcoal pig, 87*70 

(irey coke pig, 27*59 

White pig, 19*70 

vSpiegel iron, 14*15 


The (experiments of T. AndreN^^s on the passive state of iron 
and skeel, whicli have boon previously mentioned, also showed 
that ii'ou containing much carbon was IgkSS X'eadily attacked by 
nitric atnd tlian pure iron. hTumerous contradictory state- 
mmtH havue Ixeieu publishced as to the influence of diflerent pro- 
portions of carbon, and carbon in different states of combination, 
on the corrosion of iron and steel in air and water, but on this 
subject morce (hefinite information is still desirable. 

Dr. Percy states that hardened steel is much less readily acted 
upon by acids than the same steel when softened, and quotes an 
exp(^riment by Daniell in support of this view.f Steel when 
magncd/iatHl is stated to bo more readily corroded by acids than 
when unmaguetised. It has already been mentioned that the ex- 
periimmts of T. Andniws have shown that magnetism diminishes 
th(i passivity of stcufl in nitric acid, and the same investigator 
has obs(^rv(‘(l that magnetised steel is more corroded in a solution 
of cupric cliloride than similar stceJ umnagnetised, the average 
difhmencc^ b(‘ing about 3 per ccut.J 

Bemoval of Bust. —-On the large scale, rust is generally 
removed by scraping the surface with a suitable tool ; and such 
treatimmt befori^ the application of a protective coat greatly 
assists in tlu^ preseuwation of the iron. On the small scale, with 
artich^s which have to bo cleansed from rust, soaking the object 
in a solution of potash, and carefully brushing when the rust 
WiUi thus softeruul, give satisfactory results. Vosmaer suggests 
for this purpose the use of a solution of stannous chloride, which 
dissolvers the rust, but does not attack the iron underneath. § 
Action of Acids on Iron and Steel. — Iron in any form, 
whether wrought iron, cast iron, or steel, is readily dissolved by 

* ImL Journ.^ 1878, vol. i., p. 15, t Iroji and Steel, p. 857. 
t Pro. H. S.y vol lii., p. 114. § hist. Journ., 1887, vol. i., p. 463. 
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diluted mineral acids, such as hydrochloric, nitric, or sulphuric, 
with the formation of the corresponding ferrous salts. When 
sulphuric or hydrochloric acids are employed, hydrogen is evolved 
which unites with the combined carbon, and also with the 
sulphur, and phosphorus, to form volatile compounds wljich pass 
away with the hydrogen and impart to it a characteristic dis- 
agreeable odour. When white cast iron is thus dissolved the 
gases evolved have a disgusting smell, and in addition to piseous 
hydrocarbons, heavy oils, belonging to the olelino series of hydro- 
carbons, and boiling at upwards of 200° C., are ol)tained.* An 
insoluble residue is also produced which contains the graphitic 
carbon, together with the silicon in an imperfectly oxidised 
condition, and any other insoluble substances — such as tungsten, 
titanium, chromium, (fee., which may be present. Tins nature of 
this residue depends not only on the composition of the original 
metal but also ' on the “ strength and nature of the solvent 
employed. When grey cast iron is dissolved in hydrochloric 
acid, a bulky residue is left ednsisting of graphite and partially 
oxidised silicon; if this residue be dried and gently heated a 
change takes place whereby hydrogen is evolved, while the 
temperature of the mass is considerably raised .f Wlum the 
solution of the iron takes place very slowly, as in the drainage 
water from mines, or in pipes which have been employed for 
conveying acetic acid, the cast iron retains its original form, and 
the graphitic residue, though extremely light, is yot compact 
and firm. Numerous instances are recorded in which (‘.ast- 
iron cannon or shot, which have been immersed in sea water 
for centuries, have retained their original shape, though 
the iron was almost completely dissolved, and the reHi<lu(^ on 
coming into contact with the air oxidised so rapidly as to dry 
spontaneously with the evolution of considerable h(‘at4 The 
details of a number of examples of this kind have been (jollcHsted 
by Mallet, § while Stodart and Faraday also obtaimMl a (|uantitY 
of residue, on dissolving steel in diluted hydrochloric or sul- 
phuric acid, which was pyrophoric when heated to a temp(U‘atura 
of about 200° C., and which on burning left a residue of oxide 
of iron. 1 1 

According to Orace-Calvert, this change in the composition of 
cast iron, without any corresponding alteration in its bulk or 
appearance, is most marked with acefcic acid ; hydrochloricj and 
sulphuric acids follow in order, while phosplioric acid has no 
similar action. II 

White cast iron resists the action of acids better than other 
varieties, and on this account is employed for the vessels used in 

* Percy, Iron and Steely p. 144. 

+ Jordan and Turner, Joum, Ghem. Soc.y voL xlix., p. 219 

J Percy, p. 146. %B. A, jRe>m'ty 1838, p. 259. 

ll/oic?*, p. 264. T[ Kolm, Iron Manvfaciurey p. 65. 
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the refining of gold and silver, and for many simHar purposes: 
of other varieties of cast iron those which are coarse-grained and 
open in texture are generally more easily affected by acids. That 
cast iron rich in silicon was not attacked by hydrochloric acid 
was noticed by R Mallet,* and this observation has been re- 
peatedly confirmed by the author. When iron contains 10 per 
cent, of silicon and upwards, it resists the action of acids so well 
that it has been proposed to employ this kind of metal for the 
viru pipes, taps, and other articles in chemical works. 
W hen cast iron containing much phosphorus is dissolved in acids, 
the residue generally contains phosphorus in combination with 
some form in which it is not attacked by ordinary solvents. 
When estimating phosphorus in such samples it is necessary 
either to heat the mass to redness, or to keep it at a temperature 
of at least 100“ C. for over an hour, in order to fully oxidise the 
phosphorus compound. Cast iron rich in silicon, in a similar 
nianner, often leaves silicide of iron in the residue ; from this 
silicide amorphous silicon has been separated by Dr. Tildemf 
The residue left on dissolving grey cast iron in either diluted 
sulphuric or hydrochloric acid contains sulphur, so that the 
evolution method for the estimation of sulphur is not applicable 
for the analysis of grey cast iron. 

Though the ordinary forms of iron and steel are thus attacked 
by diluted acids, and by strong hydrochloric acid, they are not 
dissolved by either strong sulphuric acid or by strong nitric acid. 
In the case of strong sulphuric acid the result of the action is 
the production of anhydrous ferrous sulphate ; and as this salt 
is not soluble in sulphuric acid, a coating is produced on the 
surface of the metal which prevents further action. When strong 
nitric acid acts on iron the metal is not dissolved, but assumes 
what is known as the “ passive state. 

The recent investigations of T. Andrews have shown that the 
passivity of iron is greater as the concentration of the nitric acid 
increases, and that the passivity in nitric acid of 1*42 density is 
regularly diminished as the temperature rises, until at about 
90“ 0., the point of transition from the passive to the active state 
is reached. The passive state appears to be connected with mag- 
netic influence, for even with cold nitric acid of 1*42 density the 
effect of magnetism is capable of being detected by means of 
delicate instruments ; while with warm nitric acid and powerful 
magnetism, the temperature of transition from the passive to the 
active state is very materially lowered. But even with powerful 
magnetism, and iron in a state of fine division, the passive state 
cannot be fully overcome until a temperature of 51“ C. is reached. 
It was also observed that wrought iron was less passive than most 
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steels, and that low carbon steels were less passive than those 
which contained a higher percentage of carbon.* 

Protection of Iron and Steel. — The methods which have 
been adopted for the protection of iron and steel from corrosion 
may be classified as follows : — , 

1. The use of wood, TYiasonTy, or other solid materials to prevent 
the access of air or water. Examples of this class are to bo met 
with in the building in of iron in brickwork or masonry in the 
erection of buildings ; in the use of cement, which, when of good 
quality, affords adequate protection ; and in the linixig of the 
pipes in mines with dry wood, which when wet swells so as to 
completely protect the iron.f 

2. The use of an adherent coating of magnetic oxide of iron. 
It was shown by Brande and Faraday in 186 1, during the course of 
some experiments on the superheating of steam in iron tubes, that 
the iron became covered with a closely adherent coating of mag- 
netic oxide, and that this covering prevented the metal under- 
neath from oxidation. I A method based upon this action was 
introduced by Barff in 1876. In this process the iron to be 
protected is first carefully cleaned and then heated to redness in 
a retort, through which is forced a current of superheated steam. 
When the operation is properly performed the magnetic oxide is 
uniformly adherent, and aflibrds a very efficient protection ; but 
if the original stirface is covered with rust, or the temperature 
not properly regulated, the coating is apt to strip off 

G. Bower shortly afterwards obtained a similar result by the 
use of a limited supply of air ; if too mucli air be employed at the 
comparatively low temperature necessary for this action ferric 
oxide is obtained, which is valueless for protective purposes. 
Bower’s process was subsequently modified, so that the articles 
to be coated were first heated to redness by gaseous fuel intro- 
duced into the interior of the retort, and then maintained at a 
red heat in an oxidising atmosphere for about half an hour ; the 
ferric oxide so produced was subsequently reduced to magnetic 
oxide by heating for about a quarter of an hour in the same re- 
tort, in an atmosphere of carbon monoxide. By a series of such 
oxidations and reductions, lasting altogether about four hours, 
a covering of the necessary thickness was obtained. The Barlf 
process is stated to be more suitable for wrought iron, but is 
more expensive in fuel, as the retorts are heated externally, while 
a separate steam boiler and superheater are also required. In 
the Bower process it is not necessary to so completely free tlie 
surface of the original article from rust. The processes are now 
frequently combined, and both possess the advantage that even 
the most intricate forms can be as readily protected as plane sur- 

* Pro. JRoyal Soc., 1891, p. 486. Inst. Journ., 1890, vol. ii., p. 848 ; 1891, 
vol. i., p. 426; 1892, vol. ii., p. 482. 

t Mallet, B. A. Report, 1838, p. 276. J Journ., 1878, vol. i., p. 13. 
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ices. The temperature employed is about 1,000“ F., while tbe 
ime of beatiug vat'ies from about five to twenty hours. Articles 
f very large size cannot be conveniently treated by these pro- 
esses on account of the expense of the furnaces required.*^ A 
pecial quality, of sheet iron, which has long been manufactured 
a Hussia, owes its power of resisting oxidation to the presence 
f a coating of closely adhering magnetic oxide, which is produced 
uring the process of manufacture (see p. 279). A. de Meritens 
as also proposed to protect iron from rusting by “ bronzing 
dth magnetic oxide, produced by electrolysis under special con- 
itions.f 

In a process recently patented by Bertrand, tbe iron to be coated 
3 first carefully cleansed by immersion in dilute sulphuric acid 
5 per cent.), and preferably brushed. It is then rubbed with grain 
r sand until quite clean, and immersed for four or five seconds in 
bath, consisting of 200 grams of ‘‘acid tin salts,” 600 grams of 
ulphate of copper, and 300 grams of sulphovinic acid in 100 litres 
f water. The work should then have a yellowish bronze colour; 
b is washed in water containing ^ per cent, of oxalic acid, dried 
nd heated in an oven, the atmosphere of which may be either 
zidising or reducing. The time required varies somewhat accord- 
ag to the temperature employed ; but about ten minutes is stated 
o give a firmly adherent coating of magnetic oxide, which is cap- 
ble of resisting atmospheric infiuences very perfectly. 

3. The application of metallic coatings — e,g.^ copper, nickel, tin, 
nd zinc. 

{a) Copper can be readily deposited upon the surface of clean 
ron in the form of a firm and uniform coating by the use of the 
lectric currenh and an alkaline cyanide solutioii. This coating 
las a pleasing appearance, but it is relatively expensive ; and if 
ny of the protecting surface become worn away the copper and 
ron form an electric couple, of which the iron is the positive 
lement, and thus oxidises more readily than when alone. 

{h) Michel is now largely applied for protecting the surface of 
con, on account of its silver-like appearance and power of resist- 
ng oxidation. Nickel can be electro-deposited directly upon the 
leansed surface of the iron from a neutral solution of nickel 
mmonium sulphate ; but in order to prevent the deposit scaling 
fi* when in use, a coating of copper is frequently first obtained 
.s above described, and the nickel is then deposited on the copper. 
Nickel, like copper, is electro-negative to iron, and thus promotes 
xidation when, the iron underneath is exposed. 

Tin is employed on a very extensive scale for the protec- 
ion of iron. The tinplate industry of the United Kingdom 
lone consumes about 10,000 tons of tin per annum, valued at 
learly ^1,000,000 sterling. Tinplate is specially applicable for 

* Inst, Journ,, 1881, vol. i., p. 166. 
t Ihid.y 1887, voL i., p. 40 ; 1889, voL i., p. 355. 
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the production of vessels for holding articles of food, or for cooking 
utensils, as tin is not readily attacked by vegetable juices ; it has 
also a good appearance, combined with lightness and durability. 
Sir H. Davy originally believed that tin would act electrically in 
such a manner as to protect iron from oxidation ; but subsequent 
researches proved that though tin is at first positive, it becomes 
negative when the action has been allowed to proceed for a short 
time, and the iron underneath, when exposed to atmospheric 
influences, oxidises more rapidly on account of the presence of 
the coating of tin.* 

(d) Zinc is even more largely used than either of the foregoing 
metals for the protection of iron, though its introduction is of 
later date than that of tin. As compared with tin zinc is cheaper, 
and quite as easily applied ; the process of coating by immersion 
in the molten zinc, after first removing the scale by dipping in 
acid, is misnamed “ galvanising.’* It is employed chiefly for the 
sheets for roofing, buckets, wire, and other articles which are sub- 
jected to atmospheric influences, and owing to its electro-positive 
character zinc afibrds very efficient protection. Zinc is, however, 
very readily attacked by even weak vegetable acids, and thus 
galvanised articles should not be used for cooking utensils, or for 
the storage of food. Galvanised iron is used on a considerable 
scale in the Colonies for the storage of water, and much discus- 
sion has arisen as to its suitability for this purpose. Some waters 
have little or no action upon zinc, while others containing acids, 
chlorides, or nitrates in solution rapidly dissolve it. On this 
account the use of galvanised tanks for the storage of drinking 
water has been abandoned in the principal navies. 

In addition to the use of continuous coatings of metal various 
suggestions have been made since the experiments of Sir H. 
Davy,t of E. Davy,J and of R. Mallet, § for the application of 
strips or pieces of zinc, or other positive metal as a protection, 
owing to its electrical action upon the iron in its immediate 
vicinity. Kone of these proposals have, howejrer, proved very 
satisfactory when applied on. the large scale for the protection of 
ships. Zinc only protects iron which is initially free from rust, 
but does not afford protection when the surface is already rusted; 
its protecting influence is also more marked in salt than in fresh 
water, on account of the coating of oxide which so often forms 
in the latter. Hannay has suggested the use of metallic zinc 
for protecting boilers by suspending a ball of the metal in the 
water of the boiler by wires, which are fixed in metallic, contact 
to the sides of the boiler. It is claimed by W. Thomson (Man- 
cTi^ter Assoc, JEng,^ Nov., 1893) that this prevents “pitting,” by 
diminishing the action of acids or of nitrates in the feed-water, 
while incrustation is also greatly reduced. 

* B. A, Report^ 1838, .p. 289. + Phil, Transit 1824. 

t B, A, Report, 1835, p. 34. § Ibid,, 1840, p. 246. 
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-Zinc dust, which was employed as a protecting paint by 
Mallet,* has recently been re-introduced and employed on a 
somewhat considerable scale for the protection of ships. 

4. Coating with tar or •pitch is one of the cheapest, simplest, 
and most efficacious methods of protecting ironwork, though the 
tar needs to be pretty frequently renewed. A patent asphalt 
varnish, which was introduced by Dr. A. Smith, has been exten- 
sively employed, especially for water-pipes ; it consists essentially 
of tar, with the addition of a small proportion of boiled linseed oil. 

According to Kohn f the usual method of coating cast-iron 
pipes is as follows : — A composition of tar, resin, and naphtha is 
prepared, in such proportions that it will remain liquid at 400“ F. 
without vaporisation or decomposition. The pipes are taken 
cold and dipped in this mixture, in which they are allowed to 
remain about twenty minutes so as to gradually acquire the tem- 
perature of the bath. This method has been found preferable to 
heating the pipes before dipping, as a more uniformly adherent 
coating is produced by proceeding as above described. As tar is 
frequently rich in phenols, which behave like acids in assisting 
corrosion, it is better either to boil the tar before use with about 
3 per cent, of lime, as is done in Germany, J or to thicken it with 
chalk, as practised by J. Head.§ 

Methods which are in principle akin to the use of tar are 
also applied, as in the production of a carbonaceous varnish on 
Berlin castings, by exposure to a smoky flame after the applica- 
tion of a combustible liquid. || 

5. The use of oils^ paints, and varnishes. Although, on account 
of the expense and trouble, such preparation is often omitted, it 
is better, as recommended by E. Matheson,1I to completely re- 
move the scale by pickling or otherwise before applying oils or 
paint. V. B. Lewes has classified the protective compositions 
which are applied to the surface of iron and steel ships as 

follows : — . , T 1 • X 

(a) Red lead in converted, by treatment with linseed oil, into 

a lead soap j this was formerly largely used, but now meets with 
little application. Its protective action is asserted to depend, at 
least in part, on the formation of a coating of magnetic oxide by 
the action of the red lead on the metal underneath. 

(h) Varnishes made of good gum, which are efficacious but ex- 
pensive, and deficient in body. 

(c) Varnishes to which hod'y has been given by means of some 
foreign substance such as oxide of iron. These are now most 
largely employed, and appear likely to occupy a leading position 
in future.** Finely ground ferric oxide is generally added to give 


* B. A. Report, 1840, p. 241. 

Xlrst, Journ., 1892, vol. ii., p. 480. 
11 B. A. Report, 1840, p. 245. 

** Inat. Journ., 1887, vol. i., p. 462. 


t Iron Manufacture, p. 61, 

§ Ibid., 1881, vol. i., p. 177. 

IT Inat. O. E., vol. Ixv., p. 114. 
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body and the desired shade of colour ; titanic iron ore has also 
been successfully employed for this purpose on a number of im- 
portant structures, particularly for grey or neutral tints. 

For smaller articles in iron and steel Sohler & Biirger have 
patented the use of a mixture of 5*5 parts of chemically pure 
bleached hees-wax and 1 part of wool grease, dissolved in oil of 
turpentine, and spread in a thin layer ; this is stated as the result 
of years of experience to have given excellent protection from 
the effects of air and moisture (Eng. Pat., 13,702, 1893). The 
author has found a mixture of 1 part of white hard varnish with 
about ten times its volume of turpentine, when applied to the 
clean and warmed surface of iron and steel, afford a cheap and 
efficient protection to samples, such as test bars, &c., which are 
required to be kept for purposes of reference. 

6. Enamels , — The process of enamelling has in recent years 
come into extensive use for the protection of sheet iron, and for 
culinary utensils. The metal to be enamelled is first carefully 
cleaned from scale, and the mixture for producing the enamel is 
applied in the form of a wash ; the articles are then dried in a 
hot room and heated in a muffle furnace to a temperature of 
about TOO*" C., to fuse the enamel. Usually more than one coat- 
ing of enamel is applied, the desired colour being imparted with 
the last wash. Y ery mild steel, or wrought iron, is more easily 
enamelled than harder varieties, while a close-grained clean 
running grey iron is preferred for castings which have to be 
enamelled. One of the troubles met with in this industry is 
the occasional production of spots on the surface of the enamel, 
owing to imperfect union of the enamel with the iron. The cause 
of these^ imperfections is not well understood, though any dirt 
might be expected to contribute to the result \ and it appears to 
be connected not unfrequently with the composition of the metal 
employed, as the trouble disappears on changing the mixture used 
in the foundry. For common purposes the glaze is produced by 
the use of lead compounds, but on account of the poisonous 
character of such materials, culinary articles should be glazed 
with enamels which are free from lead ; and in the leading 
establishments in the trade lead is not allowed to be used in 
any form for best work. 

The following mixture, recommended by Raetz, will serve to 
illustrate the materials employed for enamelling : — 30 parts 
of powdered felspar and 25 of borax are fused together, and the 
powdered mass is mixed with 10 parts of kaolin, 6 of felspar, and 
1-75 of magnesium carbonate; this is mixed with water to a paste, 
which is spread over the iron, and upon this is applied a fusible 
powder, made by fusing 37*5 of quartz, 27*5 of borax, 60 of stannic 
oxide, 16 of carbonate of soda, and 10 of nitre. The object thus 
treated is carefully dried and fired in a muffle furnace.* 

* Thorpe, Diet., vol. ii., p. 9. 


COBEOSION OP IRON ATO STEEL. 351 

7. Japans , — Japanning may be regarded as occupying an 
intermediate position between varnishing and enamelling ; it is 
largely applied for the production of a cheap protective coating 
in the sheet iron, bedstead, and allied trades. The clean iron 
surface is covered with a special variety of varnish, and is after- 
wards baked in an oven so as to render the coating smooth, 
hard, and closely adherent. For most purposes a black japan is 
employed, but for numerous ornamental applications various 
coloured japans are also prepared. The carbonaceous vapours 
given off during japanning are readily inflammable, and fires 
originating from the overheating of the japanning oven are not 
uncommon. 
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combustion in hearth, 134 ; cyan- 
ides in, 141 ; descent of charge, 
144, 145 ; details of American, 91; 
details of Cleveland, 89 ; details of 
construction, 95 ; dust, analysis 
of, 104; dust, 102; duty of fuel, 
166 ; effect of working conditions, 
169 ; excess of air, 169 ; fuel con- 
sumption, 163 ; fuel used, 157 ; 
gases, utilisation of, 26 ; hearths, 
96 ; height of, 29, 94 ; hydrogen 
in, 139; improved shape of, 22; 
increased capacity of, 29; increased 
production in America, 33 ; intro- 
duction of, 7 ; lifts, 86, 88, 93, 99; 
linings, 98 ; low fuel consumption 
in, 167 ; materials used, 133 ; plan 
of American, 88 ; plan of Cleve- 
land, 86 ; plant in Alabama,^ 93 ; 
practice, English and American, 
105; practice in Styria, 108 ; prac- 
tice in 1686 and in 1825, 10, 16 ; 
production in 1825, 17 ; produc- 
tion of, 91 ; reactions of, 133 ; 
scaffolds, 147 ; section of Cleve- 
land, 89 ; section of Edgar Thom- 
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son, 90; selection of site, 85 ; shape 
of, 93 ; slag, analyses of, 177 ; 
slags, 175 ; small Indian, 249 ; 
speed and economy, 33, 170 ; Staf- 
fordshire in 1686 and in 1854, 10, 
24; subsidiary improvements in, 
30 ; tall, for wrought iron, 252 ; 
tar and ammonia from gases, 154 ; 
temperatures of, 143 ; thermo- 
chemical calculation of fuel, 164 ; 
Turner’s patent, 162 ; use of gase- 
ous fuel, 162 ; use of lime in, 186. 

Blast, moisture in, 132. 

Blast pressure, 106. 

Blazed iron, 105, 197. 

Bliss, F. J., early copper tools, 3 ; 
furnace at Tel-el-Hesy, 20. 

Blisters in wrought iron, 330. 

Bloomery, American, 246. 

Bloomfield Iron Worts, 24. 

Blowing cylinders, introduction of, 
12 . 

Blowing engines, 112. 

Blowing in and out, 105. 

Blue billy, 2S6. 

Bocker on Cowper stoves, 120. 

Boetius producer, 307. 

Bog ores, 57 ; formation of, 62 ; 
smelting of, 248. 

Boilers, Bessemer steel, 41, 

Boiling cinder, 297, 298. 

Boil, the, in puddling, 291. 

Bolckow and Vaughan open up 
Cleveland, 27. 

Boshes of blast furnace, 94. 

Bottom of mill furnace, 325. 

Bottom-plate, wear of, 289. 

Boucau, ferro-chromes, 207. 

Bower-Barff process, 346- 

Bowling iron works, 278. 

Brabant, F., on distribution of 
charge, 145. 

Brande and Faraday, magnetic oxide, 
346. 

Brandis, Sir Deitrich, on Indian iron 
making, 253. 

Braune, rolling of steel, 330. 

Brick, honeycomb, 120 ; slag, 178. 

Bridgenorth, iron trade of, 17. 

Brine, evaporated by hot slag, 176. 

Briquettes, from fine ore, 73. 

Britain, early iron making in, 5. 

British Association, Bessemer’s paper 
at, 38. 

British Museum, iron and bronze 
in, 2. 

Bromford, refined iron at, 273; re- 
finery at, 272. 

Bronze Age, 1. 


Bronzes, early, 2. 

Brough, B. H., on use of magnetic 
needle, 71. 

Brown coal, 160. 

Brown, Crum, formation of rust, 335. 
Brown haematite, calcination of, 80. 
Budd, J. P., patent for use of waste 
gases, 26 ; use of waste gases, 154. 
BuU-dog, 275, 286. 

Bunsen and Playfair, on cyanides, 
141. 

Burden, 133. 

Calcination, effect on magnetic 
properties of ores, 75 ; of iron 
ores, 78. 

Calcining kilns, 81 ; introduced, 30 ; 
Davis-Colby, 83 ; Taylor-Langdon, 
84. 

Calcining iron ores in kilns, 80. 
Calcium phosphate in ores, 65 ; 
Calculation of furnace charges, 180. 
Callendar, H. L. , on platinum pyro- 
meters, 126. 

Calorific, efficiency of puddling fur- 
nace, 307. 

Calvert & Johnson on puddling, 293. 
Calvert, Prof., analyses by, 224. 
Canada, ores of, 53, 54, 68. 

Capacity of blast furnace, 29, 94. 
Carbide of chromium, 207 ; of silicon, 
198 ; of titanium, 210. 

Carbides in cast iron, 190. 

Carbolates from furnace tars, 156. 
Carbonate ores, 57, 58. 

Carbon iu cast iron, 189 ; in foundry 
iron, 191 ; linings for furnace 
hearths, 98 ; reduction by solid, 
171. 

Carbon dioxide, proportion of, in 
charcoal furnaces, 171. 

Carbon monoxide, decomposition of, 
98, 136, 137, 139, 140 ; dissociation 
of, 113, 138 ; reactions of, 137. 
Carbon silicide, 198 ; sub-oxide of, 
138; transfer, C. Cochrane, on, 
168. 

Cardiff, Roman forges at, 5. 
Carinthia, early iron makiug, 4. 
Carnelly, Dr., on melting points, 125. 
Carpenter, S. M., steel scrap for 
foundry mixtures, 220. 

Carron, blowing cylinders at, 12; 

iron works, gases at, 154. 

Castings, advantages of iron, 216. 
Cast iron, action of acids on, 343, 
344; aluminium in, 198; arsenic 
in, 210; carbon in, 189; changes 
during the remelting of, 2 ^ ; 
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chroinimn in, 205; condition of 
Hilicon, U)7 ; crnaliing strength, 
194, 234; dodcution of, 106; den- 
sity of, 195 ; depth of chill, 240 ; 
(dfcudi of si/e and shape, 229; fluid- 
ity of, 241); grain of fracture, 240; 
harduesH, 105, 232, 241 ; introduc- 
tion of, 6, 7 ; lualleahlo, 241 ; man- 
gan(‘Ho ill, 204 ; modulus of elas- 
ticity, 104; phosphorus in, 202; 
|)ro]un’i,i(vs of, ISO, 210 ; shrinkage 
of, 230, 240; siliooii in, 192; Sty- 
rian, 107; iStyi'i an, analyses of, 109; 
Hulplmi* in, 200; tensile strength, 
191, 231, 230 ; titanium in, 

2(KS ; toughened, 218; transverse 
.strength, 104, 217, 235; vanadium 
in, 207. 

Catalan process, 245. 

Causes of lo.ss in pud<lUng, 301. 

CauH(w of rust, 335. 

(knit.ral tulx'. for blast furnaces, 101. 

Chiuuplaiu, Lake, ores of, 64. 

OhaiuH^ Messrs., patent for slag, 179. 

Chare.oal, 161 ; growing scarcity of, 
8 ; preparation of, 161 ; use of, in 
blastfurnace, IGl. 

Charcoal blast furnace, last in Sussex, 


17 . 

Charcoal furnaces, capacity of, 94; 
consuiription of fuel, 170 ; in G-reat 
Britain, 1(51 ; redaction in, 142. 

Charcoal iron, best, 269, 272; shrink- 
age of, 232. 

Chatc'Uor, M. le, temperature of blast 
furnace, 144. 

Chenot on magnetic concentration, 
73. 


Cluuiot process, 256. 

Chilled rolls, .321; production of, 


Chili in east iron, measurement of, 


240. 

Chilling cast iron, 190. 

Chills, 22(5. ^ ^ 

Chroma iron ore (chromite), 63 ; re- 
duction of, 200. 

Chroma ore used for fettling, 302. 

Chroma steel, corrosion of, 342. 

Chroniiiun in cast iron, 205 ; oxida- 
tion of, 206. 

Cinder, blast furnace, analyses of, 
177; delieicncy of, 277, 30*2; satu- 
rated, 300; tap, varieties of, 297. 

Cinder notch, 97. 

Cinder pig, 149; manganese and sul- 
phur in, 188; production of, 188. 

Clare, T. D., ilmenite paint, 53 ; on 
Mushet’s patents, 39. 


Clarence furnace and Edgar Thom- 
son compared, 167. 

Clarence Works, evaporating brine 
at, 176. 

Classification of ores, oO. 

Clay, W. N. , direct process, 260. 

Clearing in puddling, 275, 291. 

Cleveland blast furnace, plan of, 86 ; 
section of, 89. 

Cleveland calciner, 81 ; grading of 
pig iron, 211 ; increased capacity 
of furnaces, 29 ; ironstone, 5S ; 
limestone, 185 ; opening of dis- 
trict, 27 ; pig iron, analyses of, 
212 ; slag, 176 ; utilisation of slag, 
ISO. 

Clinton formation, unity of, 55, 64. 

Closed blast-furnace hearths, 97- 

Close top of blast furnace, 27, 100. 

Clough’s mechanical puddler, 311. 

Clyde Works, stoves at, 116. 

Coal, bituminous, 159 ; used in blast 
furnaces, 158. 

Coating iron and steel, 346. 

Cochrane, C., 107, 1 13 ; on carbon 
transfer, 16S ; on use of lime in 
blastfurnace, 186, 188. 

Coke, analyses of American, 158 ; 
blast furnace, 157 ; consumption 
of, in blast furnace, 91 ; good, 
properties of, 157 ; soft, 157 ; use 
of, by Darby, 10 ; use of, by Dud 
Dudley, 9. 

Cold blast furnaces, Torkshire, 278. 

Collection of waste gases, 100. 

Collyer, Dr., on phosphorus in Bes- 
semer process, 38. 

Colonies, iron ores of, 68. 

Combined carbon in cast iron, 190, 
191. 

Combustion in hearth of blast flir- 


nace, 134. 

Composition of iron ores, 59. 

Concentration of iron ores, 72. 

Condie introduces water twyers, 
128. 

Constitution of tap cinrler, 299. 

Consumption of fuel in charcoal fur- 
naces, 170. 

Contraction of cast iron, 230 ; of 
■wrought iron, 331. 

Conversion of malleable cast iron, 


242. 

Cook, E. S., unreduced ore, 134. 
Cooling, effect of rate of, 190. 
Coppee coke oven, 157. ^ 

Copper assists corrosion of iron, odo, 


347. 

Copper deposited, 347. 
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Cornwall Banks ore, calcination of, 
79, 82. 

Cornwall Banks, ores at, 70. 

Corrosion, 334; from electric cur- 
rents, 337 ; effect of scale, 341 ; 
relative, of iron and steel, 338. 

Cort, H., introduces puddling, 271 ; 
inventor of puddling, 15 ; patents 
grooved rolls, 17S3, 15. 

Cost of Cleveland furnaces, 87 ; mag- 
netic concentration, 75. 

Cowper, E., hot-blast stove, 30, 118; 
unreduced ore, 134. 

Cowper stove, bricks for, 119. 

Cowper stoves at blast furnace, 87, 
91. 

Crace-Calvert, analyses of rust, 334 ; 
on rusting, 335, 344. 

Crocodile, 316. 

Crop ends, 325. 

Crucible furnace, 221. 

Crucible steel, invention of, 11. 

Crushing strength of cast iron, 194, 
234. 

Cuhillo, Major, efficiency of puddling 
furnace, 307. 

Cumberland central tube arrange- 
ment, 102 ; hsematite, 55, 70 ; ore 
suited for Bessemer steel, 39. 

Cup and cone, 100. 

Cupolas, 222. 

Current, gaseous in blast furnace, 
136. 

Cyanides in the blast furnace, 141. 

Cyano-nitride of titanium, 208, 210. 


Daehel, 266 . 

Eam-plate, 97. 

Daniell, corrosion of steel, 343. 

Dank’s furnace, 311. 

Dannemora, iron ore of, 52 ; ore con- 
centrated at, 74; production of 
iron at, 268. 

Davis-Colby kiln, 83. 

Davis, G-., iron furnace in Mashona- 
land, 251. 

Davy, E. A., corrosion in sea water, 
336, 348. 

Davy, Sir H., on hardening steel, 
35 ; protecting iron with zinc, 348. 

Decomposition of carbon monoxide, 
98, 136, 137, 139, 140; of lime- 
stone, 140. 

Deficiency of cinder, effect of, 277, 
302. 

Defl.ection of cast iron, 196. 

Delhi, iron pillar of, 4. 

Dempster process, 155. 


Denny, W., on corrosion of iron and 
steel, 340. 

Density of cast iron, 195 ; of coke, 
158. 

Descending current in blast furnace, 
140. 

Descent of charge, 144. 

Desfosses on cyanides, 141._ 

Desulphur isation of cast iron, '151, 
188, 201. 

Details of blast furnace, 89, 91, 95; 
puddling furnace, 284. 

Direct process, advantages of, 253; 
reactions of, 247 ; Siemens’, 44. 

Direct production of wrought iron, 
244. 

Disposal of slag, 175. 

Dissociation of carbon monoxide, 113, 

138. 

Distribution of silicon in pig iron, 
198 ; of sulphur in cast iron, 202. 

Dolomite, 185. 

Double puddling furnaces, 285. 

Dougal, Mrs., analyses of Scottish 
iron, 8. 

Dowlais blast engine, 112 ; blast fur- 
nace at, 95; composition of slag 
at, 177 ; machine for handling pig 
iron, 104; pyrometer at, 126. 

Down-comer, 90, 93, 103. 

Dredging iron ores, 70. 

Driving, rapid furnace, 32, 106. 

Dry bottom, 325; puddling, 271; 
sand moulds, 226. 

Ductility of wrought iron, 330. 

Dud Dudley, uses coke in blast fur- 
nace, 9. 

Dufrenoy, on saving by hot blast, 

22 . 

Dust catchers, 102; in furnace gases, 
102, 104, 121. 

Duty of fuel used in blast furnace, 
166. 

Eames’ direct process, 261. 

Earthy Cumberland hieraatite, 55. 

Eastwood’s rabble, 31 1 . 

Ebbw Vale, use of waste gases at, 27. 

Ebelmen, blast furnace reactions, 

139, 142 ; temperature of waste 
gases, 143. 

Economy and speed in the blast 
furnace, 33, 170. 

Edgar Thomson and Clarence fur- 
naces compared, 167. 

Edgar Thomson furnaces, 32, 90; 
model of, 145. 

Edgar Thomson works, treatment of 
slag at, 179. 
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Ktlward 11., iron scarce iii reign of, Finland, iron furnace used in, 248. 

Vi i ’ T . Fire-brick stoves, 30. 

ll-tl wards, 11,, on puddling furnace, l^^ire bridge of puddling furnace, 282. 

^ , . Flossengarbe, 266. 

IMIoct of scab on corrosion, 341. Floten, W. van, on combustion in 
J^Kgortz tost, U)l. hearth, 134; on scaffolds, 148. 

i'^ghuton pig iron, roincdfcmg of 224. Fluid bottom, 325. 

J^gypt, bronze and iron in, 2. Fluidity of cast iron, measurement 

ItiHonorz, 107, of, 240. 

Kbuitricity and undorgroimd cor- Fluid oxide in puddling, 295, 303. 

roHicm, 3:17. Flux, calculation of, 182 ; in puddling, 

ItUHitro-inotivo force of iron and 285. 

Fluxes and slags in smelting, 175, 

KlUptii-al blast furnaces, 93. Ford and Moncur stove, 124. 

J^longation of wrought iron, 331. Forehearth, 97. 

Kunnudliug, 350, Forest of Dean, early ironmaking, 5 ; 

Knanuds, 350, ores of, 56. 

Kugiue, idast, lOB, 110. Forge, arrangement of, 281; ham- 

KivJnu'g, early working of, 4; forma- mers, 316; machinery, 316. 

^ titm of, (52 ; ores of, 107. Formation of iron ores, 61 ; of slags, 

KHtoii blast rurnacc, 95. 140. 

Exploring for iron ores, 71. Formzacken, 265. 

Extraction of iron ores, 70. Forquignon on malleable cast iron, 

243. 

Fairbalrn, Sir W., on romelting Forth Bridge, 45. 

cast iron, 224. Foundry iron, carbon in, 191. 

Eartnlayand Brando, magnetic oxide, Foundry mixtures, 217, 221. 

B40. Foundry practice, 216 ; influence of 

Farmlay, M., corrosion of stool alloys, phosphorus, 203 ; silicon in, 195. 

BBib 542, 344 j ro.Hoaruh(5S on stool, Franche-Comt6 process, 268. 

B5, Francis, C., malleable cast iron, 243. 


Ear Ilham, I. H., electricity and cor- 
rosion, 337. 

Fan|uharson, .1., electric action in 
commioii, 340, 341. 

Faur, Faber du, hot-blast atovo, 118. 

Forrio oxide, artificial, 54. 

Ferric oxide decompoae.d by heat, 
2ild; fuel for reduction of, 163; 
hydrattsl, 56 ; theory, 290, 

Ferric’s bbwt furnace, UJl). 

Ferro •aluinini um, 1 99. 

Fcrfo-cmrluniyl 137. 

Fcrro’cliramo, 20B ; analyses of, 207. 

Fcmi*mangana«©, 150, 204, 216. 

Fcrro siliuon, 149, 192, 214; meltod 
with scrap, 220. 

Frrrciui oxulo, 50; and corrosion, 
34*i ; in slag, 182. 

Farrenw ailioate, 273, 2B.5, 290, 299. 

Ftirry Hill, Idast funiaoo at, 94. 

Fntfcfing, 285 ; consumption of, 29.3. 

Fibrous texture of wrought iron, 331. 

Fintily-dividcd ores, treatment of, 76, 

Finti ore, smelting of, 76. 

Finory, 264, 269, 

Fintahed iron, imperfaotions of 329 ; 
stiotions of, 329. 

Finishing rolls, 824. 


Franklinite, 52. 

Frew’s pyrometer, 125. 

Friedmann, A., blisters in wrought 
iron, 330. 

Frischen processes, 264. 

Friach-ofen, 264. 

Fryer, W. H., on moisture in blast, 
132. 

Fuel consumption, high, in American 
furnaces, 33; in blast furnace, 163; 
in charcoal furnaces, 170; in 
puddling, 306 ; reduced in Ameri- 
can furnaces, 33; theoretical mini- 
mum, 172. 

Fuel, duty of, in blast furnace, 166 ; 
low consumption of, in blast fur- 
nace, 167 ; used in blast furnace, 
157 ; used in Indian blast furnace, 
249. 

Funnels in furnace hearth, 148, 

Furnace charges, calculation of, 180. 

Furnace hearths, 23, 96; closed, 97- 

Fusible fettling, 285. 

Gag, 316. 

Galvanic action of iron and steel, 339. 

Galvanising, 348. 

Gangue, 49. 
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Gamier, on carbonyl, 137. 

Garrison, J. L., on Husgafvel pro- 
cess, 254 ; on Enssian sheet iron, 
280. 

Garfcsherrie, treatment of gases at, 
154, 156. 

Gas calciners, 79, 82. 

Gaseous fuel, for puddling, 306 ; used 
for calcining ores, 82 ; use of, in 
blast furnace, 162. 

Gases, analyses of, in hearth, 135. 
Gas fired stoves, 30, 118. 

Gautier, F., use of siliceous iron 196 ; 

use of steel scrap, 220. 

Gayley, J., American furnace prac- 
tice, 106 ; on blowing in a furnace, 
105 ; fine ores in America, 77 ; 
patent for carbon linings, 99. 
Geology of haematite ores, 55. 
German metallurgy in middle ages, 6. 
Germany, basic process in, 47 ; de- 
velopment of iron trade, 34. 
Gibbons, B. , cinder pig, 149. 
Gibbons, J., improves shape of blast 
furnace, 23. 

Gidlow’s furnace, 313. 

Gilchrist, P. C., inventor of basic 

S rocess, 46 ; ores of colonies, 68. ' 

, W., on iron ores of Bilbao, 

66 . 

Gjers, John, 107 ; calciner, 81 ; on 
capacity of blast furnaces, 29. 
Gladstone, Dr., analyses of ancient 
tools, 3. 

Glazed iron, 105, 197. 

Gleiwitz, remelting at, 225. 
Gloucester, early iron trade, 5. 
Goethite, 56. 

Gordon-Cowper-Whitwell stove, 124. 
Gordon, F. W., excessive fuel con- 
sumption, 169. 

Gouvy, M. A., varieties of cupola, 
223. 

“Grade” of iron, 181. 

Grading of pig iron, 211. 

Grain rolls, 321. 

Granulation of slag, 176. 

Graphite, se|)aration of, 191. 

Great Exhibition building,. 28. 

Gredt, P., on alumina in slags, 183. 
Greece, iron in, 4. 

Green sand moulds, 226. 

Greiner and Erpf cupola, 222. 

Grey cast iron, action of acids on, 
344. 

Grooved rolls, 321. 

Grliner, rate of descent of charge, 
134 ; on rusting, 336. 

Guide roUs, 15, 323. 


Hsematite, brown, 56; mining, 70; 
pig iron, analyses of, 212; red, 
54. 

Hadfield, E. A., corrosion of chrome 
steel, 342 ; on ferro-chromes, 207 ; 
history of crucible steel, 12. 

Hahn, graphitic silicon, 197. 

Hall, J,, directions for puddling, 
275 ; introduces pig boiling, 25, 
274. 

Hall, Marshall, on corrosion, 335. 

Hamelins, M., cupola, 222. 

Hammer slag used as flux, 275, 285 ; 
use of, in puddling, 275. 

Hammers, steam, 317; used before 
rolls, 14. 

Hanbury, Major, iutroduces rolls, 14. 

Handling pig iron, 104. 

Hannay, protecting boilers, 348. 

Harbord and Hutchinson, patent, 76. 

Harbord and Tucker, patent, 326. 

Hardened steel, corrosion of, 343. 

Hardness of cast iron, 195, 232, 233, 
241. 

Hardness tests, 241. 

Harris, H., analyses of Indian iron, 
251; analysis of Indian magnetite, 
249 ; analysis of Indian slag, 252 ; 
experiments on iron ores, 75. 

Hautmont, Chenot process at, 257- 

Hawdon and Howson’s form of blast 
furnace, 93. 

Hawdon, W., English and American 
practice, 105 ; on gas for Cowper 
stove, 121 ; on slag, 179 ; on waste 
gases, 153. 

Hay, Sir G., iron works at Loch 
Maree, 8. 

Head, Jer., on Cleveland slag, ISO ; 
protecting iron, 349 ; on Scandi- 
navian ores, 52. 

Head, John, on puddling furnace, 
309. 

Hearth of blast furnace, square, 23. 

Plearths, double, 267 ; for direct 
production of wrought iron, 245 ; 
for indirect production of wrought 
iron, 264. 

Heath, J. M., history of, 25. 

Heath, E. , & Son, ammonia recovery, 
155. 

Heating the blast, 1 14. 

Heaton’s process, 46. 

Height of blast furnace, 29, 94. 

Helves, 315 ; advantages of, 319. 

Hempel, W., on cyanides, 141. 

Henderson, ammonia recovery pro- 
cess, 155. 

Herbertz cupola, 223. 
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Hejcoak and Navillc on 

im. 


pyroin(5toi's, 


flilginwttu'k on 
lal. 


sulphur aiul Hilicon, 


lloiigkiUHon, cruHliiiiL^ to.si.s of cast 
iron, 2.11. 

funiju'c. litMirth at, 07. 
Htdlnuiu, <J. on nu'looric iron, 09. 
Ho| 4 | 4 o, lialpli, produci^d oasb-ii’ou 

t’luuitiii, 7. 

IIoi,%% 'r, W., cyuiio lutrido of tit- 
an i mu, 210, 

IIoihLs, 00. 

Holiiatc, 'r. M,, on manganese and 
Hulphur, 1.12; (Hi Hilicon pig, 1,10; 
on HptHual irouH, 211. 

HtiUand, 'r. H., on Indian iron 
working, 210, 2r>0. 

Hollow lire, 270. 


llonifray, S., introduccH rclincvy, IG. 

Iltmoyt'oml) bricl;, 120. 

Hi*t idaNt, ndvantagoH of, 11.1; in. 
vcntimi «»f, 20 ; saving of find by, 
20; theory of, 112; uhc of anthra- 
citic 22. 

Hot'bljwt sttJvcH, 115; at Clyde 
Works, lid; circular, 117; (demn- 
ing, 121; Cowper, IlH; Ford and 
Moiicur, 121; (lordon-Oowpor- 
Wliitwcll, 12.1; long, 117; Mas- 
Kick an<l (h'ooki^H, 124 ; original 
fijrni, 21 ; pi.s((d pipe, 118; Whit- 
wtdl, 122. 

Hot “blast valvoH, 121. 

Hot IK cold blast iron, 21H. 

Howe, II, M.jon Auunlcan llooniory, 
217 ; <»n corroniem, 115 ; on direct 
priuluction, 254. 

IIUibllcHton, W. H., orcH of United 
Kingdom, d.5. 

Ihidnon, W. d., Idl) ; on Cowjior 
ittiVi*, 1 20 ; on UHti of wasb! gases, 27. 

Hungry ir<m, 288, 

Hunt, A. R, <ui KamcaJ proccHH, 201; 
t«‘aiii for wrought inni, 111. 

Hunt, T. Sterry, geology of Ameri- 
can 05, 

Ilunkmau, invention of crucible 
utmd, U, 

llusgafvel procesH, 254. 

IfukdduMon and llarhord patent, 70. 

Ilyilraied oxides, 50. 

IIy<inuiliu lift, 99. 

llyilrotdilorio acid, action on iron, 
HU, 111. 

Hytlrogcn in the blast furnace, 139. 


Ilmenite, 5i. 

Hioda, blast furnace output at, 34. 


j Importation of iron ore, 11. 

Imi)regnation, carbon, 98, 136, 144. 

Inclined plane, 99. 

India, iron in, 4 ; magnetic ores of, 
51 ; small blast furnaces in, 249. 

Infusible fettling, 286. 

Ireland, bog ores of, 57. 

Ireland, J., on Blair’s process, 258. 

Ireland’s cupola, 222. 

Iron and Steel Institute, puddling 
commission, 113. 

Ironbridgc, bridge at, 16. 

Iron, corrosion of, 134-345 ; early and 
modern history of, 1-34; in Britain, 
5 ; ill Rgy])t and Assyria, 2 ; in 
lireluatoric times, 1 ; in Scotland, 
8. See also (Jast Iron, Finished 
Iron, Meteoric. Iron, Native Iron, 
Pig Iron, Plate Iron, Puddled 
Iron, Sheet Iron, Wrought Iron, &c. 

Iron ore, what constitutes workable, 
49. 

Iron ores, analysis of, 108 ; calcina- 
tbu of, 78; carbonates, 57; classi- 
lication of, 50; extraction of, 70; 
formation of, 61 ; geology of, 63 ; 
preparation of, 70 ; unsuitable for 
weathering, 77. 

Iron pyrites reinoved by roasting and 
by weathering, 77. 

Ironstone, 58. 

Jacobsson, C. A., on Austrian open 
hoartks, 267. 

Jamieson, M. J., composition of rust, 
334 ; varieties of rust, 337. 

Japanning, 351. 

Japans, 351. 

Jeans, J. S., on mechanical puddling, 

110 . 

Jenkins, H. 0., on furnace charges, 
181. 

Jerking a furnace, 147. 

John, W. , protection from corrosion, 
119, 141. 

Jones, C., ores magnetised at red 
heat, 75. 

Jones’ furnace, 113. 

Jones, W., on waste gases, 155. 

Jordan, A. E., condition of silicon, 
197. 

JUngst, on remelting in cupola, 225 ; 
on siliceous iron, 196. 

Jung, T., on carbon linings, 98. 

Keep’s tests, 105. 

Keep, W. J., on Alabama ores, 55; 
aluminium in cast iron, 199 ; ferro-- 
silicon and economy, 196; hard- 
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n(5.ss of cast iron, "2:V .\ ; inanijjanowi 
in cant iron, ‘205; phonphoruH in 
cast iron, 2():{ ; shriii!oi| 4 t‘ of^caMl 
iron, tili'J ; sulphur iu oast iron, 
200; bests for foiuulry iron, 2.*{0. 

Kendall, J. D., on Spanish ores, (Ui. 

Kennedy, Prof. A. U, W., erushinij; 
tests for cast iron, 2IM ; testH of 
cast iron, 102. 

Kent, early iron trade, (h 

Kctley, T. Oakes’ expcuaincntH at, 
IGO, 

Khasi Hills, ore washing iu, 7‘2. 

Kidney ore, /)">. 

Kilns, calcining, JIO ; advaniagt'H of, 
80. 

Kirk, H., iron for puddling, 2B8 ; on 
puddling, ‘284. 

Kish, 190. 

Kjellborg, N., on phosphorua in «a.Hfc 
iron, ‘203; redindiou of pkoaphor- 
ns, 149. 

Koenig and Pforteu, coniposition of 
iliiienite, 53. 

Kolm on movilding aand, 220; pro- 
tecting iron pipes, 349. 

Korb, lA, on Wtyrian iron, 109; on 
Styrian open hearth, 204. 

Lake Superior, iron orca of, 51, 
55. 

Lancashire licarili, 208. 

Landore Stool Works started, 44, 

Langloun, treatment of gases at, 155. 

Laterite, 57, 04. 

Layard, iron and hrouzo from Nim- 
roiid, 3. 

Ledehur and Borsig, aluminium in 
cast iron, 200. 

Ledehur, Prof. A., corrosion of iron 
and steel, 343 ; on malleahlo east 
iron, 243 ; on silicon iu grey iron, 
192'; on strong cast iron, 238 ; 
sulphur fi om cast iron, 200. 

Lewes', I’rof. V. B., oxide and cor- 
rosion, 342 ; protecting iron, 349. 

Lias, ores of Middle, 59. 

Lifts, 99. 

Lignite, ICO. 

Lime in puddling, 305 ; in slags, 182; 
suggested by Collyer for depbos- 
phorising, 38, 45 ; use of, in blast 
furnace, 186. 

Limestone, 186 ; analyses of, 186 ; 
decomposition of, 14*0, 168. 

Limonite, 66. 

Lineolnsbire, ores of, 66. 

Linings of blast furnace, carbon, 98 ; 
wear of, 98. 


Listor’s hid hlast valves, 121, 124. 

Idversidge, Prof., on rust, 334. 

Lloyd, K, IL, optm twytu'n, 130 . 

Loam monhlH, 2‘2(>. 

I I/oilge nml UiehanlH, <lesc:ent of 
charge, 115. 

Lo.sehe, 2 . > 6 , 

L(»wrr /.one of redindion, L'I8. 

LowmourldaHt furnaee, 95. 

Liuvmoor Iron Works, 278. 

ImetHcher, ( J. L., aiialy«cm of Atneri- 
eaii iron, 213. 

: Ijuftfrisehen, 277. 

Luhnnan, history of lirebriek Mtovoa, 
119. 

Lilrnmnn on blast furnaee btwhcM, 
96 ; on wt*ar (»f liningH, 98 ; on 
oIo.hcmI hearths, 97. 

Luxmnhourg Lorraine, ores of, 56» 

Lyull, .Sir Ct, 2. 


Macadam, W. J., early Scottish 
iron, 8; on ehareoal furnaceH, 161, 
MadruH, iron orhi of, 51, 63; iron 
working in, 249 
Magnesia in slags, 183, 185. 

Magnid-ic eontsenlrat ion of InematitoK, 
&e., 75, 

Magnetiit (‘on(‘(‘ntratorH, 73. 

Magmatic needle, ttse of, in iron min- 

iiiK, 71. 

Magmdic? oren, proptn'tieH of, 52. 
Magnetie oxide and corrosion, 342 ; 
iiH f<d.tling, ‘286, ‘296, 299 ; pratcc» 
tion by means of, 34*2, 346 ; theory, 
‘295. 


Magnetites, coiicentraticm of, 73 ; 
impure, 5’2 ; pure, 51 ; used in 
India, 219, 253. 

Mulahar, ore washing in, 72 ; tall 
furnaeoM in, ‘25‘2. 

Malleable cnit iron, 241 ; mettd used 
for, 24‘2, 

Mallet, li,, on rust and corrosion, 
334, 335, 336, 337, 344, 348. 

Mander and Vernon, patent for ilag, 


Manganese in BcH^emer itetil, 39; in 
eaat iron, 204 ; in »t®el melting, 26; 
loss in furnace alag, 150; reduction 
of, 150; removal of iulphur by, 

‘ 201 . 


Manganciso and corrosion, 339. 
Manganese and iulplmr in cinder 
pig, 18H ; in iron, J5L 
Man|an 0 se dioxide, used for physics, 

Marten, H., on bot4>last itovei, 116. 
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Wurtin, I^, P., peri men ts at Blacn- 

avoii, 47 ; oil pyrometerH, 12C. 

Jklartin, P.aiul K,, introduce Siemens- 
Martin Htcud, 44. 

i^la.sun, Sir 1 )., 42. 

Massed, 2(){>. 

Ma.sHeiu‘z,. on desulphurisation, 
If) I ; proccHS for dcauliilmriaation, 
IHS, 201. 

Massii-k and Ch’ookea’ stove, 124. 

Mass, influence of, l.‘kS. 

Matlmr, on bent Yorkshire iron, 278. 

Matlu'son, l^k, protecting iron, 349. 

Matrix, 49. 

Jvlcidnuiic'a] puddling, 310, 313. 

IMciduinical rabbles, 311. 

Melting point of slags, 181. 

Mendtm, wiiter-coolcd screen at, 282. 

Metallic coatings, 347. 

Mctt'oric iron, (i9 ; analyses of, 69. 

Micac(‘ouH iron ore, 34. 

Mild HtiHil, corrosion of, 338. 

Mill, iirrangmiicut of, 281; French, 
for liiii'H, in 1760, 14 ; furnace, 319; 
iron, 319; rolls, 323. 

Millanl, M., on deficiency of cinder, 
302. 

Minette, 57. 

Miijgayo, on nietimric iron, 69. 

Minimum fuel consumption, 172. 

Mixer and doHulphurisor, 152. 

Mixtures for smelting, 183. 

Modern furnace practice in America, 
32. 

Modulus of elasticity of cast iron, 
194. 

Moflarfc, F., fine ores in America, 77. 

MoisHau, 11., carbide of chromium, 
207 ; carbon silicide, 197. 

Moisture in blast, 132. 

Monarch on^ concentrator, 74. 

Mond, L., on ferro-carbonyl, 137. 

Morris, T., tests for wrought iron, 
330. 

Morton, graphitic silicon, 197. 

M<»r ton’s, 11. , pyrometer, 126. 

Mottled iron, 190. 

Moulding Imxes, 226; machines, 227; 
sand, m, 228, 

Moulds, 226. 

Mmdc bars, 315. 

MuHuumsor, carbon silicide, 197. 

M umblc.8 Head, ore worked at, 70. 

Mnshet, IX, patents for use of ilme- 
nite, 53. 

Mushet, R., makes first Bessemer 
rail, 41 ; patents for use of man- 
ganese, 39 ; uses manganese with 
Bessemer steel, 39. 


Mycense, iron discovered by Schlie- 
mann, 4. 

Nasmyth, J., patent for purifying 
iron, 36. 

Native iron, 69. 

Natural gas used in direct process, 
262. 

Neilson, ammonia recovery process, 
155. 

Neilson, J. B. , improved stove, 1 15 ; 
invents hot blast, 20; original hot- 
blast stove, 115; patent, 114. 

Nellumboor, iron making at, 253. 

New Jer.sey, ores of, 53, 64. 

New South Wales, ores of, 68. 

Nickel in meteoric iron, 69. 

Nickel plating, 347. 

Nimroud, iron from, 3. 

Nitric acid, action on iron, 191, 345. 

Noblins, 278. 

Norberg, ore concentrated at, 73. 

Northaniptoushire, calcining ores in, 
80 ; early iron making, 6 ; ores of, 
56. 

North Chicago double-double fur- 
nace, 285. 

North Staffordshire calcined ore, 
287. 

Oakes, T., on blast furnace near 
Clee Hills, 17 ; experiment at 
Kctley, 169 ; improved shape of 
blast furnace, 23. 

Oils for protecting iron, 349. 

Oolitic ores, 56, 59. 

Open hearths, iron used in, 109, 267. 

Open milling of ores, 70. 

Ore mixtures, 183. 

Ore washers, 73. 

Ores, chief iron, 49. 

Original hot-blast apparatus, 21. 

Ormesby, blast-furnace charge at, 
133 ; Iron Works, 102. 

Osmund furnace, 248. 

Outerbridge, A. E., manganese in 
cast iron, 205. 

Ovens, long, 107 ; round, 117. 

Overhang of twyer, 131. 

Oxidation in puddling, 276, 300, 301, 
in reheating, 325. 

Oxygen in hearth of blast furnace 
134. 

Paints for protecting iron, 349. 

Parker, W., on corrosion, 339. 

Park mines, 70. 

Parliament restricts number of iron 
works, 9. 
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Parry, G., introduces cup and cone, 
27, 100. 

Passive state, 343, 345. 

Patent, Chance, Messrs., for slapf, 
170; Cort’s, seized, 15; 11 oath’s 
litigation, 25 ; Mandcr Sc Vernon’s, 
for slag, 179; Payne’s, J., for slag, 
170; Price & Nicholson’s, 218; 
refused to Bessemer, 40; refused 
to Siemens, 43 ; Turner’s, 102. 

Paul, H. , on siliceous iron, lOO. 

Paving blocks from slag, 180. 

Payne, J., patent for slag, 179. 

Pechin, K. 0., on descent of charge, 
147. 

Pecten seams in Cleveland iron 
stone, 59. 

Pennsylvania, anthracite, 159 ; an- 
thracite iron of, 22. 

Percy, Dr,, on Abraham Darby, 11 ; 
on blast-furnace slag, 178; changes 
in ferrous carbonate, 02 ; corrosion 
of steel, 343 ; cyanides, 141 ; 

S hitic silicon, 197 ; lime in 
ling, 305 ; phosphorus in 
puddling, 303 ; refinery at Brom- 
lord, 272; Russian sheet iron, 280; 
use of lime in blast furnace, 18(). 
Pornot furnace, 313. 

Phenols from furnace tars, 156. 
Phillips, 1)., on corrosion, 338, 340, 
342. 


Phillips, J. A., on haunatite deposits, 


Phosphates in iron oros, 66. 

Phosphorus, content of, in iron 
ores, 61 ; elimination in puddling, 
303 ; geological ago of, (55 ; in cast 
iron, 202 ; m ores, not removed hy 
calcininij, 79 ; in puddling, 289 ; 
in tap cinder, 304; not removed hy 
Bessemer, 38; reduction of, 148; 
removal by magnetic ooucoutration, 
74. 


Physic, 292. 

Pietzka furnace, 309. 

Pig boiling, 271; introduced, 25; 
analyses of, 212; for puddling, 
288; grading of, 211; handling of, 


Piles, 319. 

Pilkington, H., 107; on American 
twyer, 130; analyses of limestone, 
186 ; analysis of slag from Tipton, 
178; blast-furnace equipment, 87 ; 
gas burners for boilers, 164 ; on 
sul^ury iron, 202. 

Pilot Knob, Missouri, 64. 

Pipes, protection of, 349. 


Pistol pipe stove, 118. 

Ihtch, coating with, 349. 

Pitting, 338,\339, 341, 348. 

Pittsburg, Blair- Adams’ process at, 
258; Kamos’ process at, 261. 

Plato iron, 2(59, 273. 

Playfair and Bunsen on cyanides, 
141. 

Pliny on steel and iron, 4. 

Plot, Dr., Staffordshire blast furnace 
in 1(586, 10. 

Plum, T. VV., open twyers, 130. 

Polarisation, electric, of iron aiul 
stool, 341. 

Potter, J., 107. 

Pottery nune, 287. 

Practice, blast furnace, in England 
and America, 105. 

Preparation of fine ore, 76; of iron 
ores, 70. 

Pressure of blast, 33, 95, 106. 

Price & Nicholson’s patent, 36, 
218. 

Protection from rust, 346. 

Prus, G., on magnetic concentration, 
75. 

Prussian patent refused to Bessemer, 

Puddled bar, 292; production of, 
315. 

Puddled iron, reheating, 319. 

Puddlor’s candles, 291. 

Puddling, <lctails of working, 200 ; 
dry, 271 ; elimination of phos- 
phorus, 303 ; elimination of sul- 
phur, 304 ; fuel consumption, 30(5; 
gaseous fuel, 306 ; improvements 
m, 24; invented by Oort, 15; iron 
used for, 277; mechanical, 310; 
modern process invented by Hall, 
24; other elements in, 305; oxida- 
tion in, 270, 300 ; pig iron for, 287 ; 
process, 281; i>roooB8, modern, 274; 
reactions of, 293 ; reactions, ther- 
mal aspect, 296 ; theories of, 295 ; 
use of aluminium, 305 ; use of 
lime, 305. 

Puddling cinder, smelting of, 188. 

Puddling furnace, 281 ; Anderson’s, 
284 ; calorific efficiency, 307 ; 
Dank’s mechanical, 311; details 
of, 284 ; Piotzka’s, 309 ; pre- 
paration of, 289; Siemens, 308; 
Springer’s, 309 ; double, 285 ; 
rotating, 311. 

Purple ore, 45, 286 ; use of, in blast 
furnace, 76. 

I Pyrenees, Eastern, ores of, 66. 

1 Pyrometers, 125. 
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Rabbles, medianical, 311. 

Rabbling, 275. 

Rachette furnace, 93. 

Raetz, composition of enamel, 350. 

Rails, iron, production of, 28, 41, 
305. 

Rajdoha, iron making at, 249. 

Raustrom, iron for open hearth 267. 

Reactions of carbon monoxide, 137 ; 
of direct processes, 247 ; of pudd- 
ling, 293 ; of tap cinder, 299. 

Read, A. A., decomposition of ferric 
oxide by heat, 296. 

Reaumur describes crucible steel, 11, 
35 ; on malleable cast iron, 241. 

Red fossil ore, 55, 64. 

Red-lead paint, 349. 

Red-shortness caused rough edges, 
329 ; due to lime, 305 ; due to 
sulphur, 289, 304. 

Reduction by means of carbon, 171 ; 
heat evolved by, 136 ; in blast 
furnace, 1 35 ; lower zone of, 138 ; 
of area, 331 ; of manganese, 150 ; 
of phosphorus, 148; of silicon, 149; 
of sulphur, 150 ; temperature of, 
142, 144 ; upper zone of, 135. 

Refined iron, 273. 

Refinery, 269, 272 ; introduced by 
Homfray, 16 ; reactions of, 274. 

Refinery cinder, analysis of, 273. 

Regenerative furnace, Siemens’, 43. 

Regenerative stoves, 30, 118. 

Relative corrosion of iron and steel, 
338. 

Remelting cast iron, 221 ; changes 
during, 224. 

Removal of rust, 343. 

Renton, J., direct process, 260. 

Retorts for direct production, 256. 

Reverberatory fiu-nace, 221 ; ^ for 
direct reduction, 260 ; for indi- 
rect production of iron, 271. 

Reynolds, W., patent for use of 
manganese, 39. 

Rhine, ores carried on, 57- 

Richards and Lodge, descent of 
charge, 145. 

Richards, E. W., basic process at 
Middlesbrough, 47_ ; on Bilbao 
ores, 67 ; use of lime at Eston, 
187. 

Richter, R., graphitic silicon, 197. 

Ridsdale, C. H., analyses of pig iron, 
212 ; on composition of slags, 1S3; 
on furnace barrows, lOO ; man- 
in slag, 150. 

, analyses of blast furnace 
/7 ; of slag, 175, 177 ; and 


ganese 
Riley, E, 
slag, 1^ 


of titanic iron, 209 ; chromium in 
puddled bar, 207 ; ores of Colonies, 
68 ; use of tar in basic process, 47. 

Riley, J., cupola with gaseous fuel, 
224. 

Ringscafibld, 147. 

Rivets, iron, and corrosion, 340. 

Roasting between closed walls, 80 ; 
in open heaps, 79. 

Roberts-Austen, Prof., on cyanides, 
141 ; on furnace charges, ISO ; re- 
cording pyrometer, 126. 

Roberts, J., sample of titanic pig, 
209. 

Roberts, W. L., analysis of lime- 
stone, 185. 

Rockingham Forest, iron manufac- 
ture of, 6. 

Rogers, E., South Wales process, 
270. 

Rolls, 321 ; introduced by Major 
Hanbury, 14; grooved, patented 
by Cort, 15; guide, invented by 
Shinton, 15 ; plain, 321. 

Rome, iron in, 4. 

j Roots’ blower, 222, 

Roscoe, Sir H., on carbonyl, 137. 

Rose, H., decomposition of ferric 
oxide by heat, 296. 

Rosebank foundry, experiments at, 
237. 

Rossie, A. J., reduction of titanic 
ore, 208. 

Rossigneux, M. P., on furnace coke, 
158. 

Rotating furnaces, 31 1 ; Siemens’, 
260. 

Rouge, 54. 

Roughing rolls, 323. 

Rubio, Spanish ore, 56, 66. 

Ruhricius, H., distribution of silicon, 
198. 

Running out fire, 269, 272. 

Russian sheet iron, 279, 347. 

Rust, analyses of, 334; causes’, of, 
335; composition of, 334; forma- 
tion of, 335; removal of, 343; 
varieties of, 337. 

Rusting, 334. 


SalBID district, blast furnaces of, 
250 ; ores of, 63. 

Samuelson, Sir B., details of Cleve- 
land furnaces, 87, 89 ; disposal of 
slag, 176. 

Sand for mill furnace bottoms, 3-6; 
moulding, 228. 

Saniter, E. H., process for desul- 
phurisation, 188, 201. 
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Scaifolds, 147. 

Scale, effect on corrosion, 341. 

Scarf, F., on loss in puddling, 301. 

Schinz, C. , on use of lime, 186. 

Scotch foundry irons, 192. 

Scotch twyer, 129. 

Scotland, black-band of, 59 ; early 
iron working in, 8 ; special advan- 
tage from hot blast, 21. 

Scouring slag, 78, 149, 175. 

Scrap bars, 321. 

Scrubbers, 155. 

School of Mines, Thomas and Gil- 
christ at, 46. 

Sea water and corrosion, 337. 

Sefstrom on silicon in grey iron, 
192. 

Self-huxing ores, 183. 

Shale, removal of, by weathering, 77. 

Shape of blast furnace, 93 ; Hawdon 
and Howson’s, 93 ; improved, 22 ; 
effect of, on castings, 229. 

Shaw, J. L., geology of hjematite 
ores, 55. 

Sheet iron, Hussian, 279. 

Sheffield and Birmingham Iron Co., 
93. 

Shimer, P. W., carbide of titanium, 

210 . 

Shingling, 315. 

Ship, steel, superior to iron, 42. 

Shrunk lime used in basic process, 
47. 

Siemens-Martin process, 44. 

Siemens, Sir W., corrosion of steel 
boilers, 339; direct process, 44, 
260; history of, 42; regenerative 
system, 30; theory of puddling, 
295. 

Siemens’ mill furnace, 321 ; puddling 
furnace, 308; pyrometer, 125; re- 
generative furnace, 260 ; steel 
melting furnace, 44. 

Silica in slags, 181 ; reduction of, 
139. 

Silicates in furnace mixtures, 180. 

suicide of carbon, 198. 

Silicon and sulphur in iron, 150. 

Silicon, condition in cast iron, 197; 
distribution of, in pig iron, 198 ; 
ferro-manganese, 204, 215 ; in cast 
iron, 192; in foundry practice, 195; 
reduction of, 149; removal of, in 
puddling, 291, 295. 

Silicon iron, made when blowing in, 

Silicon pig, 149, 192 ; not readily 
eorrodable, 339, 345 ; spiegel, 204, 



Silvester, H., analysis of titanic pig 
iron, 209. 

Simmersbach, analyses of coke, 
158. 

Simon-Carve’s coke, 158. 

Sinterblech, 265. 

Size, effect of, on castings, 229. 

Sizing iron ores, 72. 

Sjogren, H., on use of magnetic 
needle, 71. 

Skull scaffold, 147. 

Slack furnaces, 306. 

Slag, disposal of, 175 ; granulation of, 
176, 179; heat of fusion of, 184; 
in wrought iron, 327 ; ‘ ‘ scouring, ” 
78, 149, 175; utilisation of, 178; 
without lime, 178. 

Slag blocks, 180. 

Slag, Clevelaud, 176. 

Slag wool, 179. 

Slags, accumulations of ancient, 5, 6 ; 
alumina in, 183; and fluxes in 
smelting, 175; appearance of, 175; 
for difterent kinds of iron, 183; 
formation of, 140 ; magnesia in, 
183; melting point of, 181; silica 
in, 181. 

Slips, 147. 

Smethwick, experiments at, 205. 

Smith, Dr. A., protecting water 
pipes, 349. 

Smith atson, on Gartsherrie tar, 
156. 

Snelus, G. J., ferric oxide theory, 
296; on graphite from cast iron, 
191 ; graphitic silicon, 197 ; on 
manganese and corrosion, 339 ; 
pateut lime lining, 46 ; on silicon 
in grey iron, 192. 

Sodium nitrate, use of, by Heaton, 
46. 

Softeners, 192, 205. 

Soft mixtures, 221. 

Sohler and Burger, protecting iron, 
350. 

Sorby, Dr., crystallised silicon 
198. 

South Staffordshire Institute, Sub 
Committee, 284. 

South Wales, indirect process, 269. 

Spanish ore, imported, 31. 

Spanish ores, 66, 67. 

Spathic iron ore, 57. 

Spathic ores in Bilbao, 67. 

Specular iron ore, 54. 

Spiegel-eisen, 150, 204. 

Splint coal, 159. 

Springer’s puddling furnace, 309. 

Squeezers, 316. 




INDEX. 


365 


btaiTordsliirc ack band ironstone, 
59; blast furnace in 1854, 24, 29; 
calcining ores in, 79; cinder pig, 
18S; early iron trade, 9; helve, 
315; iron, best, 292; make of pig 
iron in 1825, 18; puddling furnace, 
283 ; rolls, 323; Steel Companv* 

^ 326 ; twyer, 129. 

Siallord, shire All Mine iron, analyses 
ol^ ‘212 ; ])ig iron, 203, 212. 

Stalls used for roasting, 81. 

Stead, J. E., clironiiuni in pig iron, 
200; distribution of sulphur in pig 
iron, 202 ; phosphorus in iron ores, 
05 ; phosphorus in puddling, 304 ; 
silicon in cast iron, 196; slag, 179; 
vanadium in pig iron, 208; waste 
gases, 153. 

Stead and Fattinson, arsenic in cast 
iron, 210. 

Steam liainmers, 317. 

Steel alloys, corrosion of, 339, 342. 

Steel Company of Scotland, 45. 

Steel known to Romans, 4; hardened, 
corrosion of, 343 ; melting, use of 
manganese, 25 ; rolling of, 330. 

Stephenson, K., on foundry mixtures, 
217. 

Stew’art’s rapid cupola, 223. 

Stirling, Dr., regenerative engine, 


Stirling, J, D. M., tin in puddling, 
305; toughened cast iron, 36, 218. 
Stone Age, 1. 

Storrie, J . , Roman iron near Cardiff, 5. 
Stoves, hot-blast, 30, 115. 
Stridsberg, foiir-twyer hearth, 268. 
Stuckofen, 6, 252. 

Styria, early iron industry of, 4; 
open hearth of, 264 ; production 
01 cast iron in, 107. 

Sulphide of iron, production of, 337. 
Summerlee, treatment of gases at, 
155. 


Sulidmr assists corrosion, 337 ; dis- 
tribution of, 202 ; elimination in 
puddling, 304 ; in cast iron, 200 ; 
in limestone, ISO; reduction of, 
150; removal of, by weathering,. 
77 ; so-called, 291. 

Sulphur and manganese in iron, 151. 

Sulphur and silicon in cast iron, 150. 

Sulphuric acid, action on ii’on, 191, 
343. 

Sussex, early iron trade, 6. 

Swank, J. M., iron in all ages, 19. 

Swedish iron, production in open 
hearth, 268 ; used for steel mak- 
ing, 26. 


Swedish -Lancashire hearth, 268. 

Swedish magnetites, 51. 

Swiss Lake dwellings, 2. 

Tap cinder, analyses of, 297; cal- 
cined by Hall, 25 ; phosphorus in, 
304 ; reactions and constitution, 
299 ; varieties of, 297. 

Tapping cinder, 297, 298. 

Tar, coating with, 349 ; composition 
of, from waste gases, 154, 155, 

Taylor- Langdon kiln, 84. 

Temperature of blast, 125 ; of blast 
furnace, 143, 144 ; of reduction, 
142 ; of waste gases, 143, 144. 

Tenacity of wi’ought iron, 330. 

Tensile strength of cast iron, 194. 

234, 236. 

Test bars, shape and size of, 234, 

235, 240. 

Tests for foundry iron, 239. 

Theories of puddling, 295. 

Theory of hot blast, 112. 

Thermal calculations of puddling 
reactions, 296. 

Thermo-chemical calculation of fuel 
used in blast furnace, 164. 

Thermo-electric pyrometer, 126. 

Thielen, A., smelting fine ores in 
Germany, 76. 

Thomas, S. G., announces success of 
basic process, 47 ; inventor of basic 
process, 46. 

Thomas ore washer, 73. 

Thomson, W., prevention of pitting, 
348. 

Thornaby Iron Works, 102. 

Thorner, rust in tunnels, 336. 

Thorne, T. L., on carbonyl, 137. 

Thorpe, Lr., sample of early Scottish 
iron, S. 

Thwaite, B. H., early French bar 
mill, 14. 

Tiglath-Rileser, 3. 

Tilden, Lr. W. A., on amorphous 
silicon, 345 ; graphitic silicon, 
197 ; sample of early Scottish 
iron, 8. 

Tinplate, 347. 

Tin used in puddling, 305. 

Tipton Green, slag and iron at, 178. 

Tipton, iron made at, 178, 274, 292. 

Titanic iron ore, 53 ; composition of, 
53 ; reduction of, 208. 

Titanic paint, 350. 

Titanium in cast iron, 208. 

Titanium, nitride of, 208. 

Tondii, use of ilmenite at, 53. 

Towcester, Siemens* works at, 45. 
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192. 
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Waste of heat. Sir L Bell, on, 174. 
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34S. 

Watt, J., steam engines, 12, 111. 
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Webb, H. A., lime in puddling, 306. 

Weildlng, Dr., on carbon liniiiirs, 99; 
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J West, T. D., use of steel scrap, 220. 
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I 344. 

! White iron, ; ore mixtures pro- 
; ducing, 1S4 ; slag from, 177. 

White, J. L., 107. 

White, Sir W. H., scale and corro- 
sion, 341. 
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! Whitwell stove, 30, 122. 

Whitwell, T., 107; on removal of 
scaffolds, 147. 

Wiborgh, W., pyrometer, 125. 
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Wilkie, early form of blast furnace, 
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Wipers, 315. 

Winchell, H. V., geology of iron 
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Windzacken, 265. 

WiDgham, A., on furnace charges, 
181. 

Wingham and Ball, on desulphurisa- 
tion, 201. 

Winslow’s squeezer, 317. 

Wiskaw, Ferrie’s furnace at, 160. 

Wobblers, 324. 

Wohler, graphitic silicon, 197 ; tit- 
anium nitride, 208. 

Wollaston, titanium nitride, 208. 
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stoves, 121 ; use of siliceous iron, 
196 ; on utilisation of slag, 179. 
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287. 
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blisters on, 330 ; corrosion of, 338; 
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production of, 263 ; physical pro- 
perties, 330 ; properties of best 
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Yorkshire iron, analyses of, 279 ; 
best, 278. 

Ystalyfera, use of waste gases at, 27- 
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protecting iron, 348 ; in blast fur- 
nace dust, 102. 
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Zincite, 52. 

Zsigmondy, K., on slag, 179. 


bell and bain, limited, printers, GLASGOW. 




PUMTOATTON^^^^u COMPANY’S 

PI BLIOAl. ONb may be obtained through any BookseUer 

m the United kingdom, or will be sent post free on receipt of 

reraittance to corer published price. To prevent delay, Orders 

^lould be accompanied by a Eemittance. Cheques and Postal 

Ordera to be crossed “Smith, Payne & Smiths.” 

*M* For LKDEX, see next page. 


IBT medical, and GENERAL CATALOGUES forwarded 
Post-free on Application. 


LONDON: 

EXETER STREET, STRAND. 



INDEX- 


ALLINGHAM (W.), Navigation, 45, 47 

Meteorology, 45 

ANGLIN (S.), Design of Structures, . 2d 
BARKER (D- WILSON-), Navigation^ 
and Seamanship, . . • . 45, 47 

BERINGER (J. J. & C.), Assaying, . 66 
BILES (Prof. J. H.), Construction of 

Ships, 38 

BLACKMORE (E,), British Mercantile 
Marine, .... . 45«46 

BLOUN^r(B.)and BLOXAM (A. G.), 
Chemistry for Engineers and Manu- 
facturers, . . . - 27, 71 

BLYTH (A. Wynter), Foods and Poisons, 72 
BORCHERS (Dr.), Electric Smelting, 67 j 
BROTHERS (A.), Photography, . . 73 

BROUGH (B. H.), Mine-Surveying, . 59 
BROWNE (W. R.), Works by, . . 27 

BRUCE (Robt.), Food Supply, . . 54 

BUCK (R. C.), Algebra and Trigono- 
metry, 45, 46 

BUTTERFIELD (W, J. A.), Gas 

Manufacture, 74 

CASTELL-EVANS (Prof.), Tables for 

Chemists, 75 j 

COLE (Prof G. A. J.), Practical Geology, 53 

Open Air Studies in Geology, . . 86 

COLE (W.H.), Light Railways, . . 41 

COX (S. H.), Prospecting for Minerals, 55 
CRIMP (W. S.), Sewage Disposal Works, 28 
DONKIN (Bryan), (las and Oil Engines, 29 

Efficiency of Steam Boilers, . . 29 

DUERR (Geo.), Bleaching and Calico- 

Printing, 83 

DUPRE & HAKE. Manual of Chemi8try,70 
ETHERID(IE (R.), Stratigraphical 

Geology, 52 

FIDLKR (Prof.), Bridge-Construction, 30 
FOSTER (Prof. C. ie Neve), Ore and 

Stone Mining, 56 

Elementary Mining, . . .56 

GINSBURG (Dr.), Legal Duties of 

Shipmasters, 45, 49 

GRIFFIN (J. J.), Chemical Recreations, 75 
GRIFFIN’S Electrical Price-Book, . 43 
GRIFFIN’S ENGINEERING PtjB- 

LIOATIONS, 25 

GRIFFIN’S GEOLOGICAL and 
METALLURGICAL SERIES, . 51 
GRIFFIN’S NAUTICAL SERIES, . 45 
GRIFFIN’S NEW LAND SERIES, 54 
GRIFFIN’S CHEMICAL AND 
TECHNOLOGICAL PUBLICA- 
TIONS, ... ... 69 

GURDEN (R.),. Traverse Tables, . . 31 

GUTTMANN (OA Blasting, , . 59 

HARBORD (F. W.), Steel, . . .65 

HUGHES (H. W.), Coal Mining. . . 57 

HURST (Chas.), Valves and Valve- 

Gearing, 31 

HURST (G. H.), Painters’ Colours, . 76 

Garment Dyeing and Cleaning . 83 

JAMIESON (Prof.), Manuals, Ad- 
vanced and Elementary, . , .32 

Steam Engine, 32 

- Applied Mechanics, . . . .32 

’ 32 


Ma^etism and Electricity, 

JENKINS (H. C.), Metallurgical 

Machinenr, 62 

JOHNSON (J. C. F.), Getting Gold, . 55 
KNECHT & RAWSON, Dyeing, . . 81 

LAFAR and SALTER, Technical 

Mycology 

LAWN (J. G->, Mine Accounts, . ! 60 


LIVERSIDGE (J. G.), Engine-Room 

Practice, 34 

MACKENZIE (T.), Mechanics for 

Sailors, 45, 48 

M‘M ILLAN (W.(jk), Electro- Metallurgy, 68 

& BORCHERS,; Electric Smelting, 67 

MILLAR (W. J.), Latitude and Longi- 
tude : How to find them, . . 45, 48 

MUNRO & JAMIESON’S Electrical 

Pocket-Book, 43 

MUNRO (Dr.), Agricultural Chemistry, 75 
MUNRO (R. D.), Steam-Boilers, . . 33 

Kitchen Boiler Explosions, . . 33 

NYST ROM’S Pocket-Book for Engineers, 33 
PEARCE (W. J.), Painting and Decor- 
ating, 77 

PETTIGREW (W. F.), Manual of 

the Locomotive, 34 

PHILLIPS& BAUERM AN, Metallurgy, 61 
POYNTING (Prof.), Mean Density of 

the Eart^ 44 

PRAEGER (R. L.), Open Air Botany, . 86 
RANKIN E’S Applied Mechanics, . 35 

Civil Engineering, . ... 36 

Machinery and Mill work, . . 36 

Steam Engine & other Prime Movers, 36 

Useful Rules and Tables, . . .36 

A Mechanical Text-Book . . 36 

Miscellaneous Scientific Papers, . 36 

REDGRAVE(G.R.), Cements, . . 76 

REDWOOD (Boverton), Petroleum,. . 58 
REED (Sir E. J.), Stability of Ships, . 38 
REID (Geo., M.D.), Practical Sanitation, 86 
RICHMOND (H. D.), Dairy Chemistry, 26 
RIDDELL (Dr. Scott), Ambulance 

Manual 86 

ROBERTS -AUSTEN (Prof.), Metal- 
lurgy and Alloys, . . . . 62, 63 

ROBINSON (Prof.), Hydraulics, . . 37 

ROSE (T. K.), Gold, Metallurgy of, . 64 
ROTHWELL, (C! P. Seymour). 

Textile Printing, 

SCHWACKHOFER and BROWNE, 

Fuel and Water, 

SEATON (A. E.), Marine Engineering, 
SEATON & ROUNTH WAITE, Marine 
Engineers’ Pocket-Book, 

SEELEY (Prof.), Physical Geology, 
SEXTON (Prof.), Elementary Metal- 
lurgy, . ^ 

& Qualitative Analysis, 
Mechanic’s Guide, 
SMITH, (Johnson), Shipmaster’s Medical 

SMIT^ (Prof. R. H.), Calculus for 

Engineers, 

Measurement Conversions. 

SYKES (Dr. W. J.). Brewing, 

THOMSON & POYNTING (Profs.) 
Text-Book of Physics, . 

Boilers, Land and 

Marine, 41 

TURNER (Thoa.), Iron, Metallurgy of* 66 

(Prof. W. H.), Gas and 
Oil Engines, 42 

Drawing, 42 

^J^LJEY (T. B.), Goldsmith and 
Jeweller’s Art, . . fig 

The Threshold 

of Science, •••.., 80 
X EAR-BOOK of Scientific Societies, 84 


82 

27 

39 

39 
62 

66 

70 

36 

49 

40 

40 

78 

44 



AKV MMOJJAmcS. 



4-5. Griffin’s Standard Publications 

“flESf V ■ "■ “■ 

Design of Stpuctures, . ~ ^ 

Sewage Disposal Works. 

Traverse Tables, . ! 

Light Railways, . 

Marine Engineering, 

Engine-Room Practice, 

Design and Construction 
of Ships, . 

Stability of Ships, 

The Steam-Engine, . 

The Locomotive, 

Valves and Valve-Gearing, Chas. HursT^ 

Gas, Oil, and Air-Engines, Bryan Donkin, 

Boilers : Construction, . ----- 

„ Management, . 

,, Heat Efficiency, 

Chemistry for Engineers, 

Fuel and Water (for 
Steam Users), 

Machinery and Millwork, 

Hydraulle Machinery, 


S. Anglin, . 

Santo Crimp, 

B. L. Gurden, 

W. H. Cole, 

A. E. Seaton, 

J. G. Liversidge^ 

j-PROF. Harvard Biles, 

Sir E. J. Bred, 
Bankine, Jamieson, 

W. E. Pettigrew, 


T. W. Traill, 

B. D. Munro, . 
Bryan Donkin, . 
Blount Bloxam, 

r SCHWACKHOFER AND 

( Browne, 

Prof. Bankine, 
Prof. Bobinson, 


35 

30 
26 
28 

31 
41 
39 
34 

38 

38 
35, 32 
34 
31 
29 
41 
33 
29 
27 


Metallurgical Machinery, H. C. Jenkins, 


Nautical Text-Books, 
Useful Rules and Tables 
for Engineers, &c., . 
Electrical Pocket-Book, 
Electrical Price-Book, 


Ed. by Capt. Blackmore, 
r Profs. Bankine and ) 

I Jamieson, . j 
Munro and Jamieson, 

H. J. Dowsing, . 


The Calculus for Engineers, Prof. Bobt, H. Smith, 
Graphic Tables for Con- 
version of Measurements, Prop. Bobt. H. Smith, 
Marine Engineers' Pocket- 
Book, .... Seaton and Bounthwaite, 
Nystrom's Pocket-Book, Dennis Marks, . 


27 

35 
37 
62 
45 

36 

43 

43 

40 

40 

39 

33 


LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 


>6 


03ARLXS ORIFTIN <b CO.’S PUBLICATION^ 


THE DESIGN OF STRUCTURES: 

A Ppaetleal Tr«atis« on th.# Building: of Bnldgres, RoofB, &«. 
By S. ANGLIN, C.E., 

Master of Engineering, Royal University of Ireland, late Whitworth Scholar Ac. 

With very numerous Diagrams, Examples, and Tables. 

Large Crown 8vo. Cloth. 

Second Edition, Revised. IBs. 


The leading features in Mr. Anglin’s carefully-planned “ Design of Struc- 
tures ” may be briefly summarised as follows : — 

1. It supplies the want, long felt among Students of Engineering and 
Architecture, of a concise Text-book on Structures, requiring on the part of 
the reader a knowledge of Elementary Mathematics only. 

2. The subject of Graphic Statics has only of recent years been generally 
applied in this country to determine the Stresses on Framed Structures ; and 
in too many cases this is done without a knowledge of the principles upon 
which the science is founded. In Mr. Anglin’s work the system is explained 
from rirst principles, and the Student will find in it a valuable aid in 
determining the stresses on all irregularly- framed structures. 

3. A large number of Practical Examples, such as occur in the every-day 
experience of the Engineer, are given and carefully worked out, some being 
solved both analytically and graphically, as a guide to the Student. 

4. The chapters devoted to the practical side of the subject, the Strength of 
Joints, Punching, Drilling, Rivettmg, and other processes connected with the 
manufacture of Bridges, Roofs, and Structural work generally, are the result 
of MANY years’ experience in the bridge-yard; and the information given 
on this branch of the subject will be found of great value to the practical 
bridge-builder. 


“ Students of Engineering^ will find this Text-Book invaluablb.” — Architect 

“The author has certainly succeeded in, produdng a thoroughly practical Text- 
Book. ’ — Builder. 

“We can unhesitatingly recommend this work not only to the Student, as the best 
Text-Book on the subject, but also to the professional engineer as an sxckbdimgly 
valuable book of reference.” — Mechanical World. 

“This work am be confidently recommended to engineers. The author by i y wisely 
dbtosen to use as little of the higher mathematics as possible, and has thus made his book of 
EEAL USB TO THE PRACTICAL ENGINEER. . . . After carcfiil perusal, we have nothing but 

praise for the work.” — Nahtre. 
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Larjijc 8vo. IlaiidHome Cloth. 10s. 6d. 

CHEMISTRY FOR ENGINEERS. 


BKHTliAM BLOUNT. 

WftiWltluu I'hfiuu* I Ik tin* t'luvvn Ai;ouU for 

llu* t'lllOllU’M. 


ANI> A. G. BLOXAM, 

F.I.C., F.C.S., 

OoBBultinK OhetuiBt, Head of the ChemUtry 
Department, Goldsmiths’ Inst., 

New Cross. 

Chemistry of the Chief Materials 
Chemistry of Steam-ralsing—Chemis- 
I*^hricaats~ Metallurgical Processes used in the 
Wiahliii and Maaufacture of Metals. 

tftyond all oxpoctation, and have produced a work which 
iJixmid t»» iho hiiKliiofr and Manufacturer.”— yV/c Tvncs. 

bu! Ai>Mnuni.H TKXT-IJOOK, UBofvil iiot only to Students. 

OP wuiiKH iu I'ttKvaNTiNO WASTit and iMPnoriNa raocESSKS."— 

take m<m rank . , treatment of the subject of gaseous euei, 

hP<Hlnction clearly work(ul ou^ ... We 
K ARHit RiK tiicMRid) the work, 'i/ournat of ihut JAuhtiiiQ. 


K<»r C*tnii{muiou Vohuuo by the same Authors, ‘‘Oiiemistry 
H)U Mancfaoturkks,’’ see p. 71 . 


Works by WALTER R. BROWNE, M.A., M.Inst.C.E., 

Irtitc I'Vlltjw of Tdnity College, Cambridge. 

THE STUDENT’S MECHANICS; 

An Introduction to the Study of Force and Motion. 

With Diagmmg, Crown 8vo, Cloth, 4s. 6d. 

t '»»*»» m »tyir fcttci ftmedcal in method, ‘The Student's Mechanics' is oorduJly to bo 
fmm ait jKnnts of viow.’'- ‘-Ai/utnmtm. 


FOUNDATIONS OF MECHANICS. 

Fa|N;ri reprinted from the Knpmer, In Crown 8vo, is. 


Uemy Hvo, with Numerous Illustralions, 9s. 

FUEL AND WATER : 

A Manual for ’Usors of Steam and Water, 
frr (•'KAN/, .SCirWACKIlOFER oi' Vienna, and 

WAITER R. BROWNE, M.A., C.E., 

OiNHitAi Contents.- Heal End Comlm«tion-Fucl/ Varieties of— Firing Anrang*- 
mmw. Formscf. Ftu«s, Chimney — ‘I'he Boiler, Choice of-- Varieties— Feed-water 
Sttiim riptf— Water ; Composition, Punfication— Prevention of Scale, &:c,, &c 
’*11w Het'tlw Ott Htat is on* of the best and most lucid ever written.”— A'«ir»Wpr. 
'U.’aitftfN Wl 10 be valuable !• thousands using steam power.”— Rngin**r. 
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SEWAGE DISPOSAL WORKS; 

A Guide to the Constpuction of Works for the Prevention of the 
Pollution by Sewage of Rivers and Estuaries. 

BY 

W. SANTO CRIMP, M.Inst.C.E., F.G.S., 

Late Asfiistant-Eaguifter, London County Council. 

With Tables, Illustrations in the Text, and 37 Lithographic Platea. Medium 
8vo. Handsome Cloth. 

Second Edition, Revised and Enlarged. 30s. 


PART I.— Introductory. 


Imtroduction. 

Details of River Pollutions and Recommenda- 
t vwts of Various Commissions. 

Hourly and Daily Flow of Sewage. 

The Pail System as .^ectmg; Sewage. 

The Separation of Rain-water £rom the Sewage 
Pro^. 


Settling Tanks. 

Chemical Processes. 

The Disposal of Sewage-sludge. 

The Preparation of Land for Sewage Dis- 
posal 

Table of Sewage Farm Management. 


PART II.— Sewage Disposal Works in Operation— I'mei* 
Construction, Maintenance, and Cost. 


Illiistrated by Plates showing the General Plan and Arrangement adopted 
in each District. 


Map of the LONDON Sewage System, 
Crossness Outfall 
Barking Outfall 
Doncaster Irrigation Farm. 

Beddington Irrigation Farm, Borough of 
Croydon. 

Bedford Sewage Farm Irrigation. ^ 
Dewsbury and Hitchin Intermittent Fil- 
tradoiL 

Merton, Croydon Rural Sanitary Authority. 
Swanwick, Derbyshire. 

The Elaling Sewage Works. 

Chiswick. 

Kingston-on-Thames, A. B. C. Process. 
Salford Sewage Wor]«. 


j Bradford, Precipitation. 

! New Malden, Chemical Treatment and 
Small Filters. 

Friem Barnet. 

Acton, Ferozone and Polarite Process. 

Ilford, Chadwcll, and Dagenham Works. 
Coventry. 

Wimbledon. 

Birmingham 

Margate. 

Portsmouth. 

BERLIN Sewage Farms. 

Sewage Precipitation Works, Dortmund 
(Germany). 

Treatment of Sewage by Electrolysis 


*»* From the fact of the Author’s having, for some years, had charge of the Main 
Drainage Works of the Northern Section of the Metropolis, the chapter on London will be 
found to contain many important details which would not odierwise nave been available. 

“ All persons interested in Sanitary Sciaace owe a debt of gratitude to Mr. Crimp. . . . 
Hjs work will be especially useful to Sanitary Authorities and their advisers . . . 

KatncENTLY PRACTICAL AND USEFUL . . . givcs plans and descriptions of many of the 
MOST IMPORTANT SEWAGE WORKS of England . . . with very valuable information as to 
die COST of construction and working of each. . . . The carefully-prepared drawings per- 
mit of an easy comparison between the. different systems.” —Lttncet 

“ Probably the most complete and best treatise on the subject which has aimeareid 
in our lan^age Will prove of the gr eates t use to all who have the problem of 

Sewage Disposal to fttcc.” — Edinburgh Medical J our 7ial, 
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Works by BRYAK DOBKIK, M.Inst.c.E., M.lnst Meeh.E . to. 


GAS, OIL, AND AIR ENGINES; 

A PPECticEl Text ~ Book on Internal Combustion Motors 
without Boiler. 

Uy HRVAN DONKIN, M.Inst.C.E., M.Inst.Mech.E. 

Second Edition, Revised throughout and Enlarged. With numerous 
additional Illustrations. Large Svo. 25s. 

Gknhral Contknts.- - Gas Eng-ines ;~Gcncral Description-History and Develop- 
■aicat'”"'Ilritihli, t rench, anil C»cnxuin Gas Engines — Gas Production for Motive Power — 
ITtcory of the Gas Kngine- Chemical Composition of Gas in Gas Engines- Utilisation of 
Hcat““'B»xploHK)n and CrOinbustion. Oil Motors t History and Development — Various 
Types » -PiicJ»tmauN and other Oil Engines. Hot- Alp Engines ‘.—History and Develop- 
ment— Various I'yp^^ • Stirling's, Ericsson's, &c., &c. 

‘*Thc nK.HT HOOK NOW PUBI.ISHKD on Gas, Oil, and Air Engines."— 7^^ En^neer. 

“Wc HKARTII.V KKCOMMKNO Mr. Donlcin’s work. ... A monument of careful 
labour. . . . Luminou.s and comprehensive."— 


in (,)uarU>, llaudsome Cloth. With Numerous Plates. 25s. 

STEAM BOILERS: LARD AND MARINE 

(The Heat Efficiency of). 


With many Tests and Experiments on different Types of 
Boilers, as to the Heating Value of Fuels, &e., with 
Analyses of Gases and Amount of Evaporation, 
and Suggestions for the Testing of Boilers. 

By BRYAN DONKIN, M.Inst.c.E. 


(^F.NK.KAl. CoNTENT.s. Chissilication of different Types of Boilers — 
435 K\|H!iiin»*niH on EngUsh and Foreign Boilers with their Heat Efficiencies 
sihovvn in h’ilty TaldfH — Fire (Jnite.s of Various Types— Mechanical Stokers — 
ConilniHlion tjf Fuel in Boilers -Transmksion of Heat through Boiler Plates, 
and ihrir dVmprraUuv Fml Water Uealers, Superheaters, Feed Pumps, 
&c. Smoke and its Prevention Tn.strumeni.s used in Testing Boilers — 
Marine and Loeoundivc Boilers Fuel Testing Stations— Discussion of the 
Tfial*^ aiui i’oiuiudtnis On the Choice of a Boiler, and Testing of Land, 
Marini*, anti Locomotive Boilers 'Appendices — Bibliography — Index. 

•* Vcifv krgu wnnH of luouev, rupniHontlnglmiuiv millions sterling, Imve been invested in 
Ht« 4 tu i>nd in tny KuHitifers are contlnuully studying economy in Coal, the question 

of ID*vf Ki»r‘!CirNr\ D, (Imrohire, not a small one. . . . We shall not bo far wrong m 
fsitiinaUna Ihat yi » nnlimn tona of coal are mod ninniully in generating bteam, of which much 
w WA»rKi», Punlta' dm eoNt per ton at the low average price of lO.s we get about 100 
nit4,n»N ?,fi MS about the annuai- vaujk of the lucl consumed under Stationai^, 

Semi puvlahU\ Boeomudve, and iVUrlue dollera. If 10 per cent, or h-i per cent wuld be 
»i vi-i y mo.ler.nu tmdmato, it would represent a gkhat gain to the world at large. 
-"A^'lrcirl Jathot'n 
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WORKS BY 

ANDREW JAMIESON, M.lNST.C.E., M.I.E.E., F.R.S.E., 

Pro/etsur cf Elecirical Ensineerin^, The Glass:ow and IVrsi #/ ScotlMui 
Technical Colie g^e- 


PROFESSOR JAMIESON’S ADVANCED MANUALS. 

In Large Crown ^vo. Fully Illustrated. 

1. STEAM AND STEAM-ENGINES (A Text-Book on). 

For the Use of Students preparing for Competitive Examinations. 
With over 200 Illustrations, Folding Plates, and Examination Paper*. 
Twelfth Edition. Revised and Enlarged, 8/6. 

** Professor Jamieson fascinates the reader by his ci,kaknk.^s or coNCKrnoN am® 
siMTi-iciTY OF EXPRESSION. His treatment recalls the lecturing of Faraday.” — Aihcttn'tun. 

** The Best Book yet published for the use of Students.” — Mngi7ieer. 

“Undoubtedly the most valuable and most complete Hand-book on the subject 
that now exists.” — Marine Ensiineer. 

2. MAGNETISM AND ELECTRICITY (An Advanced Text- 

Book on). Specially arranged for Advanced and “ Honours ” Students. 

3. APPLIED MECHANICS (An Advanced Text-B 9 ok on). 

Vol, I. — Comprising Parti.: The Principle of Work and its applica- 
tions; Part II.: Gearing. Price 7s. 6d. Second Kdition. 

“ Fully maintains the reputation of the Author — more wc cannot say.”-— 

Engineer. 

Vol. II. — Comprising Parts III. to VI. : Motion and Energy; Graphic 
Statics; Strength of Materials; Hydraulics and Hydraulic Machinery. 
Price 7s. 6d, 

“Well and lucidly written.” — The Engineer. 


PEOFESSOK JAMIESON^S INTRODUCTORY MANUALS. 

With numerous III lustrations and Examination Papers. 

1. STEAM AND THE STEAM-ENGINE (Elementary Text- 

Book on). For First-Year Students. Si.KTH Edition. 3/6. 

“ (Juite the right sort of book,” — Engineer. 

“ Mould be in the hands of every engineering apprentice .” — Practical Engineer 

2. MAGNETISM AND ELECTRICITY (Elementary Text- 

Book on). For First- Year Students. FOURTH EDITION. 3/6. 

“A capital text-book . . . The diagrams are an important feature."— 

“A thoroughly trustworthy Text-book. . . . Arrangement as good as well 

can be. . . , Diagrams arc also excellent. . . . The subject throughout treated as an 
essentially practical one, and very clear instructions given.” — Nature. 

2. APPLIED MECHANICS (Elementary Text-Book on). 

Specially arranged for First-Year Students. Third Edition, Revised 
and Enlarged. 3/6. 

‘‘Nothing is taken for granted. . . . The work has very high qualities, which 
«uy be condensed into the one word ‘ clear.’ ” — Science and Art, 


A POCKET-BOOK of ELECTRICAL RULES and TABLES. 

FOR THE USE OF ELECTRICIANS AND ENGINEERS. 

Pocket Size. Leather, 8s. 6d. Thirteenth Edition. 
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8*0<)ND Edition. Enlargtd^ and vtry fully IlluHrattd. doth, is. 6<L 

STEAM - BOILERS: 

THEIR DEFECTS, MANAO-EMENT, AND CONSTRUCTION. 
By R B. MUKRO, 

Chi^ Engifi^ q/ tht Scottish Boiler Insurance and Engine Inspedion Company. 

ClKNKRAL Contents. — L Explosions caused (i) by Overlieating of 
riatcH— (2) By Defective and Overloaded Safety Valves — (3) By Corrosion, 
Internal or KKtcriial— (4) By Defective Design and Construction (Unsup- 
ported Flue Tubes; Unstrengthened Manholes ; Defective Staying; Strength 
(tf Rivalled Joints; Factor of Safety)~II. Construction of Vertical 
Boilkks : Shells — Crown Plates and Uptake Tubes — Man-Holes, Mud- 
Htdes, and I'drc-IIrdcs— Fireboxes — Mountings — Management — Cleaning — * 
Table of Bursting Pressures of Steel Boilers — Table of Rivetted Joints — 
Speeilicatious ami Drawings of Lancashire Boiler for Working Pressures [a) 
So lbs. ; (A) 200 lbs. per square inch respectively. 

'rhiu work contaiua information of the first importance to every user of 
Stoain*pow«T. It is a i»uactical work wTitteu for practical men, the 
language and rub'S being throughout of the simplest nature. 

** A viduable com|>anion for workmen and engineers engaged about Steam 
l^ikrs, ought to be carefully studied, and always at hand.”~CoZZ. Guardian. 

^*TIu? hook is VKiiy useful, especially to steam users, artisans, and 
young engineers.'*- Engineer. 


By the same Author. 

KITCHEN BOILER EXPLOSIONS: Why 

they Occur, and Uow to Prevent their Occurrence. A Practicsd Hand- 
houk Imscd on Actual lixperiment. With Diagrams and Coloured Plate, 

Brke 3 h, 


NYSTROM'S POCKET-BOOK OF MECHANICS 

AND KNGINEKRING. Revised and Corrected by W. Dennis Marks, 
I>h li C.K. (YAI,E S.S.S.), Whitney Professor of Dynamical Engineering, 
University of Pennsylvania. Pocket Size. Leather, iSs. Twentieth 
Edition, Revised and greatly enlarged. 
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In Large 8vo., Handsome Cloth. With uunicrous riatos rcducrd from 
Working Drawings and Illustrations in th<^ 

THE DESIGH AHD COHSTRUCTION 

OF 

LOCOMOTIVE ENGINES. 

WITH AN HISTORICAL INTRODUCTION. 

JHL TEXT-BOOK 

For the Use of Engine Builders, Designers, and Draughtsmen, 
Railway Engineers, and Students. 

BY 

WILLIAM FRANK PETTIGREW, M.Inst.O.K. 
With a Section on American and Continental Enginoe. 

BY 

ALBERT F. 11 A YEN SHEAR, 

Of Iter Majesty's Patent OlUoo. 


Large Crown 8vo. With numorous Illustration#. 

ENGINE-ROOM PRACTICE : 

A HANDBOOK FOR 

Engineers and Officers in the Royal Navy and 
Mercantile Marine: 

INCLUDING THE MANAGEMENT OF THE MAIN AND 
AUXILIARY ENGINES ON HOARD SUH>. 

BY 

JOHN G. LIVERSIDGE, 

Engineer, R.N., A.M.I.C.E., Instructor in Applied Mocluujilcs at the Royal Naval 
College, Greenwich. 
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WORKS BY 


w. J. HACODORH RANKIHE, IL.D„ F.R.S 

tot, Prof.., or of CM Sn,ln..riog to U, UoMrMy of hamw. ’’ 


TiroE()n<arLY revisei) by 

w. J. MILLAR, c. E 

S.or.torg to M. lo.tnuto of Eoglneor, an, SMptoMr. il Sootlan,. 


I. A MANUAL OF APPLIED MECHANICS : 

the IVindi.Uto of Statics and Cinematics, and Theory of 
stmolnreK, MochaniH.,,, ami Machines. Witli Numerous Diagrams. 

1 nmn Hvo, 12 h. UaI. Kiktkenth Kdition. 


n. A MANUAL OF CIVIL ENGINEERING: 

ConiprisiitK KtiKinepriiig Surveys, IRarthwork, Foundations, Masonry, Car- 
pentry, Metal Work, Hoads, llailways, Canals, Rivers, Waterworks, 
UarUmr*, &o. With Numerous Tahlosand Illustrations. Crown 8 vo, 

IS*. Twentieth Edition. 


ni. A MANUAL OF MACHINERY AND MILLWORK : 

C»m|irkti$|| Ihi (kom^tryy Motions, Work, Strength, Construction, and 
Ohjiiik Ilf MmIiIuon, ko. Illustrated with nearly 300 Woodcuts. 
Ciniwii cloth, Tis, Od. Seventh Edition. 


If. A MANUAL OF THE STEAM-ENGINE AND OTHER 
PRIME MOVERS: 

With t Stoiiott m (Uh, Oid, and Air Engines. By Bryan Donkin, 
M.IttitCLK, With Folding Plates and Numerous Illustrations. 
Crowa iw, cloth, Pis. 6 d. Fourteenth Edition. 


iONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 


36 oBAMLm amrwm s qo:b publjoatwmb. 


PHOT. Rankinje’s Works — {ConHHU€d). 

V. USEFUL RULES AND TABLES : 

For Architects, Builders, Engineers, B'ounders, Mechanics, Shipbuilder#^ 
Surveyors, &c. With Appendix for the use of Klkothioad Enoinkiciui. 
By Professor Jamikson, F.K..S.E. Seventh Edition. 10s. 6 d. 


VI. A MECHANICAL TEXT-BOOK : 

A Practical and Simple Introduction to the Study of Mechanics. By 
Professor Rankink and E. F. Bamdek, C.E. With Numerous Illus- 
trations. Crown 8 vo, cloth, 9s. Foukth Edition. 

The “ Mkchanical Tkxt-Book ” was designed by ProfoiHor Eamxikk tu m Ixntao- 
oncTiOM to the above Series of Manuals. 


VII. MISCELLANEOUS SCIENTIFIC PAPERS. 


Royal 8 vo. Cloth, 318. 6 d. 


Part I. Papers relating to Temperature, Elasticity, and Expansion of 
Vapours, Liquids, and Solids. Part II. Papers on Energy and itti tlVana- 
formations. Part III. Papers on Wavo-Forms, Propulsion of Vessels, A,o. 

With Memoir by Professor Tait, M.A. Edited by W. J. Mii.laii, (MC. 
With fine Portrait on Steel, Plates, and Diagrams. 


“ No more enduring Memorial of Professor Rankinc could bo devised than ih® nuldu sa 
form. The Collection is most valuable on 

account of the ^ture of his discoveries, and the beauty and completenesi of his analy.^is, 
in OUT* time “ importance *ny work m the same department pubUihed 


SHELTON-BEY (W. Vincent, Foreman to the 

Imperial Ottoman Gun Factories, Constantinople) : 

1 HE MECHANIC’S GUIDE : A Hand-Book for Engineers and 
Artixans. With Copious Tables and Valuable Recipes for Practical Use, 
Illustrated. Second Editien. Crown 8 vo. Cloth, 7 / 6 . 
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HMOOJ^'D EDITIOJ^, Revised and Enlarged. 

In Large Svo, Handsome cloth, SJfs. 

HYDRAULIC POWER 

AND 

HYDRAULIC MACHINERY. 

BY 

HICNRY ROBINSON, M. Inst. C.E., F.G.S.. 

irwuMW or kino’s collkgk, London; prof, or civil knginrkring, 
king's college, etc., etc. 

milltb numerous HHloobcuts, anb Sls;tB=nlne plates. 


General Contents. 


IHtchargc through Orifices— Gauging Water by Weirs — Flew of Watci 
through ripes«»-'rhe Accumulator — The Flow of Solids — Hydraulic Presses 
and Lifts—Cyclone Hydraulic Baling IVess — Anderton Hydraulic Lift — 
IlydraviUc Hoists (Liftsj—The Otis Flevator — Mersey Railway Lifts — City 
and South London Railway Lifts— North Hudson County Railway Elevator — 
Lifts for Subways— Hydraulic Ram — Pearsall’s Hydraulic Engine — Pumping- 
Engines--'Three«C'ylimler Engines — Brotherhood Engine — Rigg’s Hydraulic 
l%ngine*' “Hydraulic Ca|).slans~-*nydraulic Traversers — Movable Jigger Hoist- 
Hydraulic Waggon Drop — Hydraulic Jack — Duckham’s Weighing Machine — 
Shop Taok»-TwedilcU s Hydraulic Rivetter — Hydraulic Joggling Press — 
1''^pddfUk Punching and Shearing Machine— Flanging Machine — Hydraulic 
t Vuire (Jrane-'-Wrightson’s Balance Crane — Hydraulic Power at the Forth 
Coal-Discharging Machines — Hydraulic Drill — 
I lydrawlic Manhole Cutler— Hydraulic Drill at St. Gothard Tunnel — Motors 
wtth Variable Ptwer—llydraulic Machinery on Board Ship — Hydraulic Points 
»uil i’r«»nlng% Hydraulic Pile Driver— Hydraulic Pile Screwing Apparatus— 
Ilydraullc fiKcavattir-lkirs Pump Dredger— Hydraulic Power applied to 
fliidgrs — DiK*k'gatc Machmciy— Hydraulic Brake — Hydraulic Power applied 
to Gunnery -'Out rifugal Pumps --water Wheels — Turbines— Jet Propulsion — 
11ii Gerard- Bitrv4 Hydraulic Railway— Greathead’s Injector Hydrant— Snell’s 
llydrinlk Twiwport SyHtem— Greathead’s Shield— Grain Elevator at Frank- 
fort --Packing-— I ’ower Go-operation— Hull Hydraulic Power Company— 
l/iiiciiiii Hydraulic Power Company— Birmingham Hydraulic Power System 
~ Niafftfft Falli—Cost of Hydraulic Power— Meters— SchOnheyder’s Pressure 
Refulaiar— “Dctconk Waste- Water Meter. 

** A B«Kjk of treat ProfoMional Usefulness.”— 


Ttitt Si€»l» KmttoK of the above important work has been thoroughly reviaed and 
liritMbl UP 10 4*11. Many new full-page Plates have been added— the number beinf 
is the t'lrst Edition to 19 in the present. 
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OBABLES OBIFFIN A CO.'S PUBLICATIONS:. 


Royal 8vo, Handsome doth, 28s, 

THE STABILITY OF SHIPS. 


BY 

SIR EDWARD J. REED, K.C.B., F.R.S., M.P., 

<mGHT OK THE IMPERIAL ORDERS OF ST. STANILAUS OF RUSSIA I FRANCIS JOSKVH OK 
AUSTRIA; MKDJIDIH OF TURKEY; ANO RISING SUN OF JAPAN; VICE- 
PRESIDENT OF THE INSTITUTION OF NAVAL ARCHITECTS. 

JVM numerous Illustraiions ana lahits. 


This work has been written for the purpose of placing' in the hands of Naval Constnictom, 
Shipbuilders, Officers of the Royal and McrcantUc Marines^ and all Students of Naval Science, 
a complete Treatise upon the Stability of Ships, and is the only work in the Knglbh 
Language dealing exhaustively with the subject. 

In order to render the work complete for the purposes of the Shipbuilder, whether at 
home or abroad, the Methods of Calculation introduced by Mr. F. K. Barnes. Mr, Gray, 
M. Rkech, M. Daymard, and Mr. Benjamin, are all given separately, illustrated bjf 
Tables and worked-out examples. The book contains more than aoo Diagrams, and u 
illustrated by a large number of actual cases, derived from ships of all descriptions, but 
eapecially from ships of the Mercantile Marine. 

Tl he work will thus be found to constitute Uie most comprehcn.sivc and exhauNtive TreatiiMi 
hitherto presented to the Profession on the Science of the Staiui.itv ok Shh’H. 


Sir Edward Reed’s * Stability ok Shirs ' is invai.uable. In it the Student, new 
to the subject, will find the path prepared for him, and all difficulties explained with the 
utmost care and accuracy ; the Ship-draucutsmah wUl find all the methods of calculation at 
present in use fully explained and illustrated, and^ accompan|cd by the Tablet and Forms 
employed ; the Shipowner will find the variations in the Stability of Ships due to diffierences 
in forms and dimensions fully discussed, and the devices by which the state of hit shlpi under 
all conditions may be waplucally represented and easily understood j the Naval Aichjtect 
will find brought togetlier and ready to his hand, a mass of information which he would juher- 
wise have to seek in an almost encfles.s variety of publications, and some of which he would 
possibly not be able to obtain at all elsewhere.”— (S/eawrrAi/. 

“ This important and valuable work • . . cannot be too highly recommended to 
all connected with shipping interests.” — Iron. 

“ This VERY important treatise, ... the most xhtblugi»lk, instructive, and 
COMPLETE that has ever appeared.”— 

‘‘The volume is an essential on* for the shipbuilding profeiMom*'’— JI'KP/Wrtjrfir 
Review. 


COMPANION-WORK. 

THE DESIGN AND CONSTRUCTION OF SHIPS. 

By JOHN HARVARD BILES, M.Inst.N.A., 

Professor of Naval Architecture in the University of Glasgow. 

In Active FrejiaraHon. 
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Thirteenth Edition, Price 21s. 

Demy Svo, Cloth. With Numerous DlustrcUions, reduced from 
WorHng Drawings. 

A MANUAL OF 

MARINE ENGINEERING: 

COMPRISING- THE DESIGNING, CONSTRUCTION, AND 
WORKING OF MARINE MACHINERY. 

By A. E. SEATON, M.Inst.C.E., M. Inst. Mech. E., 
M.InstN.A. 


GENERAL CONTENTS. 


Part 1. —Principles of Marine 
Propulsion, 

Part Il.—Prineiples of Steam 
Engineering. 

Part III.— Details of Marine 
Engines : Design and Cal- 


culations for Cylinders, 
Pistons, Valves, Expansion 
Valves, &e. 

Part IV.— Propellers. 

Part V.— Boilers. 

Part VI.— Miscellaneous. 


The 'rniRTMENTH Edition includes a Chapter on Water- Tube Boilers, 
with Illustrations of the leading Types. 


“ In the three-fold capacity of enabling a Student to learn how to design, conatruei, 
and work a Marine Steam-Engine, Mr. Seaton’s Manual has no rival.” — Times. 

"The important subject of Marine Engineering is here treated with the thorough- 
ness that It r(j(3Uire8. No department has escaped attention. . . . Gives the 

results of much close study and practical work.”— JS»i7ine«rini?. 

" By far the best Manual m existence. . . . Gives a complete account of die 
inethuds of solving, with the utmost possible economy, the problems before the Marine 
Engineer.”— 

" The Student, Draughtsman, and EngioMC will find this work the most valuable 
Handbook of Reference on the Marine Engine now in existence.” — Marine Engifiesr. 


Fourth Ebition. With Diagrams. Pocket-Size, Leather. 8s. fid. 

A POCKET-BOOK OF 

MARINE ENG1NEERIN6 ROLES AND TARIES, 

FOR THE USE OP 

Marine Engineers, Naval ArcMteets, Designers, Draughtsmen, 
Superintendents and Others. 

BY 

A. E. SEATON, M.LO.E., M.I.Mech.E., M.I.N.A.. 

AND 

H. M. EOTJNTHWAITE, M.LMech.E., M.I.N.A. 

"Admirably fulfils its purpose."— ATanW Engineer. 
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OBARLBS QRIRFIN S GO.'S PUBLIOATTONS. 


WORKS BY PROF. ROBERT H. SMITH, Assoc.M.I.C.E., 

M.IM.E., M.LE1.E., M.Fed.I.Mi.E., Whit. Sch., M.Ord.Meiji. 

THE CALCULUS FOR ENGINEERS 
AND PHYSICISTS, 

Applied to Technical Ppohlems. 

WITH EXTENSIVE 

CLASSIFIED REFERENCE LIST OF INTEG-RALS. 
By PROF. ROBERT H. SMITH. 

ASSISTED BY 

R, F. MIJIRHEAD, M.A., B.Sc., 

Formerly Clark Fellow of Glasgow Unixersity, and Lecturer on Mathematics at 
Mason College. 

In Crown Svo, with Diagrams and Folding -Plate. Ss. 6d. 

“ Prop. K. H, SiiiTH’s book will be serviceable in rendering a hard road as easy as practic 
ABLE for the non-niathematical Student and Engineer.”— .Attenaitm. 

“ Interesting diagrams, with practical illustrations of actual occurrence, are to be found liere 
in abundance. The very complete classified reperekck table will prove very useful in 
saving the time of those who want an integral in a hurry."— T7ie J-bifirineer. 


MEASUREMENT CONVERSIONS 

(English and French) : 

28 GRAPHIC TABLES OR DIAGRAMS. 

Showing at a glance the Mutual Conversion of Measurements 
in Different Units 

Of Lengths, Areas, Volumes, Weights, Stresses, Densities, Quantities 
of Worh, Horse Powers, Temperatures, &c. 

For the use of Engineers, Survey ors. Architects, and Contractors. 

In 4to, Boards. 7s. 6d. 


Prof. Smithes Conversion-Tables form the most unique and com- 
prehensive collection ever placed before the profession. By their use much 
time and labour will be saved, and the chances of error in calculation 
diminished. It is believed that henceforth no Engineer’s Office will be 
considered complete without them. 

“ The work is invaluable.”— UoZZtcry Giuirdian. 

“ Ought to be in EVERT office where even occasional conversions are required. . . . Prof. 
Smith’s Tables form very eycellent checks on Tesnlts.”—iElectrical Beview. 

“Prof. Smith deserves the hearty thanks, not only of the Engineer, but of the Commercial 
World, for having smoothed the way for the adoption of the Metric System of Measurement, 
a subject which is now assuming great importance as a factor in maintaining our hold upon 
foreign trade.’ —T/k jUacAwery Market. 
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Thuu) Kdition, Revised and Enlarged. Pocket-Size., Leather., 12a* 6i.,* also Laf^e'T' Size for 
OfUce Use., Cloth., 124 . 

Boilers, Marine and Land : 

THEIR CONSTRUCTION AND STRENGTH. 

•A Handbook of Rules, Fobmul/e, Tables, &c., relative to MLatiebial, 

SOANTLINGS, AND PkESSUBES, SAFETY VaLVES, SpBINQS, 

Fittings and Mountings, &a 

FOR THE USE OF ENGINEERS, SURVEYORS, BOILER- NX AKEH3, 
AND STEAM USERS. 

By T. W. TRAILL, M.Inst.O.E., F.E.R. N., 

Lato Engiueer Surveyor-ia-Ohicf to the Board of Trade. 


To THE Second and Third Editions many New Tables for IPjressubes 
up to 200 Lbs. per Square Inch have been added. 


Tjjk most VAtUAiiLE woiiK Oil Boikrs published in England.”— S'Mppiug World. 

“ Very unlllco any of the numerou* treatises on Boilers which have preceded it. . . . K^hy 

useful. . . . Contains an Enormoub Quantity op Inpormation arranged in a very convenient 
fonn. . . . Those who have to design boilers will find that they can settle the dino-eusions for any 
. -/iven nreaaure with almost no calculation with its aid. ... A most usapui. voi.umi . . . 
supplying information to be had nowuore else.’— TAe Engineer. 

“ Ais a handbook of rules, formulse, tables, <fec., relating to materials, scantlings, and. ipr«wnre«, this 
work will prove moht OSBPOI.. The name of the Author is a sufficient guarantee for its accuracy. It 
will save engineers, inspectors, and draughtsmen a vast amount of calculstion.”-Jfat«Ar-«- 

“ By such an authority cannot but prove a welcome addition to the literature of tHe sxily ecc. . . ^ 
We can strongly recommend It as being the most complbtb, eminently practical work oix the subject 
—Maritu Engineer. 

“To the engineer and nractical boiler-maker it will prove ikvaluablb. The table* m all pro- 
irtbllltj .re the most eihamtire rot published . . . Certainly deesiree . pUce on the ahidf a 

. the drawing office of every boiler shop .” — Practical Engineer. 


X.IGHT RAII-WAYS 

AT HOME AND ABROAD. 

By william HENRY COLE, M.Inst.O.E., 

1..UC lieputy-MauaKer, Eastern BeuRal and North-'Western State Eailwaya, P.W.D- , ma'a. 
In Larrje 8wo. Sandaome Cloth. With Illustrations. 

[Griffin’s Ewrineerina ‘‘Series. 
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CHARLES GRIFFIN ds 00:S PUBLICATIOSS, 


In Grown Svo, extra, with Numerous Ulmtratitmn. [ShortJy 

GAS AND OIL ENGINES; 

AN INTRODUCTORY TEXT-BOOK 

On the Theory, Design, Construction, and Testing of Internal’ 
Combustion Engines without Boiler. 

FOR THE USE OF STUDENTS. 

B7 

Prof. W. H. WATKINSON, Whit. Sen., M.Inst.Mkch.E., 

Glasgow and West of Scotland TocUnlcu! (JoUfgc. 


Engineering Drawing and Design 

(A TEXT-BOOK OF). 

Second Edition. In Two Parts, Pulilishod St^panit(‘ly. 

Yol. I. — Practical Geometry, I^lane, and Solid. 3h. 

VoL. IL — Machine and Engine Drawing and I>KHi(m. 4 h. 6(i 

BY 

SIDNEY H. WELLS, Wh.Sg., 

A.M.IKRT.O.B., A.M.INHT.M8CR.S., 

Principal of, and Head of the Enfiflueering Department in, tlm Unttoraea rolytocimto InetUute , 
formerly of the Engineering Dopartnianta of the Yorhaldre College, Lre<l» ; 
and Dulwich College, Loudon, 

With many Illustrations, specially prepared, for the Work, and ua7iM-oun 
Examples, for the Use of Students in Techmml Schools and (.hUtyen, 

“ A THOEOUGHLY UBKPUt WORK, exceedingly well wrll.teu. For the many Example ami* 
Questions we have nothing but praise."— Nature. 

" A OAPITAI TEXT-BOOK, Arranged on an kxcmij,«nt hymtbm, eiUmlated to give an Intelligenl 
grasp of the subject, and not the more faculty of mechanical copying. ... Mr. Wt'll« »ht»w» 
how to make complete wokkiho-deawinqh, dlHeiiHalng fully each atep In the deatgn.*'. AL-ofrioa/ 

Jl€Vi6V), 

book leads EASILY and NATiraALLY towards the fiaeond, wlu're the ttHdinlcal pui>il 
18 brought into contact with large and more complex do«igi»K.’'— 7 Vkj iSefwolmmt^r. 
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MUNRO & JAM IESON'S ELECTRICAL POCEBT-BOnK 

I'lilKTKKNTH EDITION, Revised and Enlarged. 

A POCKET-BOOK 


OP 


KtdCCTRlOAL RULES & TABLES 

AOA- a//; y.S'A OF ELECTRICIANS AND ENGINEERS. 

IIUI.N MUNKO, C.E., & Prop. JAMIESON, M.Inst.C.E., F.R.S.E. 
\Vuli Numerous Diagrams. Pocket Size. Leather, 8s. 6d. 


general 

V N' I TS O V M PASM REM ENT. 

MeASU KE!^. 

'riCriTM;, 

’< KNoiJcroKs. 

I BKTEI'TIUcS. 

S t ’ 1 5 M A K I N E (. ! A U I .ES. 

Tktkuuaitiy. 

KCTHoA JlKMl.STRY. 

'* WuNiiisKnii.i.v Pkkkkct. . . 

f ivf il." F . t ( Ufn \ 

" Thr .Sir.Ki.iNfi Vamik of Messrs. 

FUitrti:Ai iLivuii ,, 


CONTENTS. 

I Electro-Metallurgy. 
Batteries. 

Dynamos and Motors. 
Transformers. 

Electric Lighting. 
Miscellaneous. 

Logarithms. 

Appendices. 

Worthy of the highest commendation we can 
Munro and Jamikson’s Pocket-Book.”— 


Electrical Measnrements k Instruinents. 

A Practical Hand-book 0/ Testing for the Eleetrical 
Engineer. 

By CHARLES H. YEAMAE, 

iiiiit., H.H., fitruiiTly Ulrctrioal Engineer to the Coriioration of Liveri>ool. 


Mdition, 8s. 6d. Leather, for the Pocket, 8s. 6d. 

GRIFFIN’S ELECTRICAL PRICE-BOOK. 

For Electrical, Civil, Marine, and Borough Engineers, Local 
Authorities, Architects, Railway Contractors, &a, &e. 
Kdvi'kd by H. J. dowsing, 

M^mhr sf thtt hniitution of Electrical E?i^fteers; 0/ the Society of Arts; of ike Londem 
Charnher of Commerce, d>*c. 

'* I'hf i'J.ici TKiCAt. Pitictt-Booic REMOVES ALL MYSTERY about the cost of Elcctrical 
P.mrr. Hy it*, .litl the I£X 1 'KN.sk that will be entailed by utilising electricity on a large or 
small % 4 lc can be discovered.”—- A(n:/«VecJf. 

" The value of this Klcctrical Price-Book CANNOT BE OVER-ESTIMATED, , . . Will 

114 vr time atnl trotiblc both to the engineer and the business Machinery. 
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OSARLSS GRIFFIS <* CO.'S PUBLICATIONS. 


By PROFESSOBS J. J. THOMSON & POYNTING . 

In Large 8vo. I’nlly Illustrated. 

A TEXT-BOOK OF PHYSIOS j 

COMPRISING 

PROPERTIES OF MATTER; SOUND; HEAT; MAGNETISM 
AND ELECTRICITY; AND LIGHT. 


BY 


J. H. POYNTING, J. J. THOMSON, 

SC.D., r.E.S., M.A., P.E.Sm 

Late Fellow of Trinity College, Cambridge; Fellow of Trinity College, Cambridge; ProL 

Professor of Physics, Mason College, of Experimental Physics in the University 

Birmingham. of Cambridge. 

pKhlishers’ Noce.~lt is intended that this important and long-expected • 
Treatise shall be issued in separate Volumes, each complete in itself, and’‘pub- 
lished at regular intervals, beginning with Sound, now at Press. 


In large Svo, with Bibliography, Illustrations in the Text, and seven- 
Lithographed Plates. I2s. 6d. 

TEE BEAN DENSITY OF THE EARTH : 

An Essay to which the Adams Prize was adjudged in 1893 im 
the University of Cambridge. 


J. H. POYNTING, Sc.D., F.R.S., 

Late Fellow of Trinity College, Cambridge; Professor of Physics, Mason-* 
College, Birmingham. 

^ ffBKiRAL IKTBKIST to the scientific 

minrn HBMciaiiy is this the case when the accoont is given by one who has contrihiit<»d 

SfiEuluSSeS f knJ^ledle'^^th to 

ujmcQ^suDject. . . . Eemarhably has hi ewtons estimate been verified by Prof. Poyuting.— 


LONDON: CHARLES GRIFFIN & CO., LIMTED, EXETER STREET, STRAND, 




NAUTICAL WORKS. 


45 


§6, GRIFFIN^S NAUTICAL SERIES. 

Edited by EDW. BLACKMORE, 

Master Mariner, First Class Trinity House Certificate, Assoc. Inst. N. A, ; 

And Written, siainly, by Sailors for Sailors. 


“ This ADMIRABLE SERIES.”— F’airjjk?/. “ A VERY USEFUL SERIES.”— Aafure. 

“ The volumes of Messrs. G-ripfin’s Nautical Series may well and profitably be 
read by all interested in our national maritime progress.”— if an’ne Engineer. 

“ Every Ship should have the whole Series as a Heperence Library. Hand- 
somely BOUND, clearly PRINTED and illustrated.”— L ieerpoof Joum. of Commerce. 


The Legal Duties of Shipmasters. By Benedict Wm. Ginsbueg, 

M.A., LL.D., of the Inner Temple and Northern Circuit: Barrister-at-Law. 
Price 4s. 6d. Postage 4d. [Just Fiilliihed. 


The British Mercantile Marine: An Historical Sketch of its Rise 
and Development. By the Editor, Capt. Blackmore. 3s. 6d. Postage 4d. 

“This ADMIRABLE book . . . TEEMS With useful information. Should be in 
the hands of every S>aMoT.”— Western Morning Eetos. 


Elementary Seamanship. By D. Wilson -Barker, ]^Iaster Mariner, 
P.KS.E., F.H.Gr.S. With numerous Plates, two in Colours, and Frontispiece. 
Postage 4d. 

“This ADMIRABLE MANU.\L, by CAPT. WILSON BARKER, Of the ‘Worcester,' seems 
to us PERFECTLY DESIGNED.”— A 


Know Your Own Ship : a Simple Explanation of the Stability, Con- 
struction, Tonnage, and Freeboard of Ships. By Thos. Walton, Naval Architect. 
With numerous Illustrations. Third Edition. 5s. Postage 4d. 

“Mr. Walton’s book will be found very useful.”— TAe Engineer. 


The Construction and Maintenance of Vessels built of Steel. 

By Thos. Walton, Naval Architect. 


Navigation : Theoretical and Practical. By D. Wilson-Baekee, 

Master Mariner, Ac., and William Allingham. 6d. Postage 3d. 

“Precisely the kind of work required for the New Certificates of competency. 
Candidates will find it invaluable.”— i>wti(iee Advertiser. 


Latitude and Longitude: How to find them. By W. J. Millar 

C.E., late Sec. to the Inst, of Engineers and Shipbuilders in Scotland, is. 
“ C^aiiuot^but prove an acq.uisition to those studying Navigation.”— if an Jie Engineer, 


Practical Mechanics: Applied to the requirements of the Sailor. 
By Thos. Mackenzie, Master Mariner, F.E.A-S. 3s. 6d. PcM^e 3d. 

XT T.vnT?T.TTTiM/iT.v TiTPT prr t ” — Shipping world. 


‘ WELL WORTH the money . 


, EXCEEDINGLY HELPFU U 


Ocean Meteorology: Por Officers of the Merchant Navy. By 
WILLIAM Allingham, First Class Honours, Navigation, Science and Art Dep^meni. 

Twifrnnometrv * For the Young Sailor, &c. By Rich. C. Buck, of the 
^''Ses'SLl ™g college, 1 m.S. “ 

“This EMINENTLY PRACTICAL and RELIABLE volume. —Schoolmaster. 

[ShorU]^. 

A Mpdipal and Surgical Help for Shipmasters. MudingTtet 

^ Kt Sel. By wS^JOHNSON Sktch, F.E.C.S.. Principal MeUical Officer, beaman a 
Hospital, Greenwich. 6a Poeta^W.^^ T.nast 

“ Sound, judicious, really helpful. The Lance . 


Practical Algebra. By Rich. C. Buck. 
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OHARLSS QRJFFm d> OO.'B PUBLICATIONS. 


GRIFFIN’S NAUTICAL SERIES. 

Crown 8vo, with Numerous Illustrations. Handsome (doth. 38. (hi 

Practical Mechanics: 

Applied to tlie Requirements of tlie Sailor. 

By THOS. MACKENillE, 

Master Mariner^ b\R.A.B. 

General Contents.— Resolution and OompoHition of Ror(U‘H- W(irk dom- 
by Machines and Living* Agents — The Mechanical LowerH : 'File ht*vt‘r; 
Derricks as Bent Levers — The Wheel and Axle: Windlass; Shii>’H (’apstan ; 
Crab Winch — Tackles: the “Old Man” — The Inclined Plane; the Screw-- 
The Centre of Gravity of a Ship and Cargo — Relative Strength (if Rope : 
Steel Wire, Manilla, Henm, Coir — Derricks and Shears' —Calculation of thi* 
Cross-breaking Strain of Fir Spar— Centro of Ftfort of Sails -HydroHiati cm : 
the Diving-bell; Stability of Floating Ihalios ; the Ship’s Ihnnp, 

“ This excellent liooK . . . contains a larue amount of iuformatum.” 
— Nature. 

“ Well WORTH the money . . . will bo found excickdinoly helpful.” 
Shipping World. 

“ No Ships’ OrFioiCRS’ bookcase will h(mc(^forth he complete' without 
Captain Mackenzie’s ‘ Practical Mkchanich. ’ Notwithstanding my many 
years’ experience at sea, it has told mo how much more there u to ocf/ahY. ” * 
(Letter to the Publishers from a Master Mavinci*). 

“ I must express my thanks to you for the labour and can^ you have taken 
in ‘Practical Mkchanich.’ . . . It ih a life’s expkiuen('k. . . . 

What an amount we frequently seQ wasted l)y rigging p\u’ehastw without reason 
and accidents to spars, &c., &c. ! ‘Practical Mechantch’ would have ali. 
THIS. ’’—(Letter to the Author from another Master MariiuT). 


Crown 8vo, with Diagrams, ils. 

Latitude and Longitude: 

How to Find tlienx.. 


By W. J. MILLAR, O.E., 

Late Seci'ttary to the hist, of Kvgineers and Shipbuilders in Scotland, 


“Concisely and CLEARLY WRITTEN . . . cannot but prove an acepusition 
to those studying Navigation .” — Marine Engineer. 


Seamen will find it handy and useful, simple and clear.” The 


For Complete List of Griffin’s Nautical Series, see p. ib . 
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GBIFFIN’S NATJTICAL SERIES. 

In Crown Svo. Handsome Cloth. 4s. 6d. 

THE LEGAL DUTIES OF SHIPMASTERS. 


BY 

.BENEDICT WM. GINSBUEa, M.A., LL.D. (Cantab.), 

Of tile Inner Temple anti Northern Circuit; BaiTister-at-Law. 

General Contents.— The Qualification for the Position of Shipmaster— The Con- 
tract with the Shipowner— The Master’s Duty in respect of the Crew : Engagenienr 
Apprentices ; Discipline ; Provisions, Accommodation, and iledieal Comforts ; Payment 
of Wages and .Discliarge—The Master's Duty in respect of the Passengers— The Master’s 
Kinaneial .Itcsponsihilitics— The Master’s Duty in respect of the Cargo— The Mastep 
Duty in Casi! of Casualty— The Master’s Duty to certain Public Authorities— The 
Master's Duty in relation to Pilots, Signals, Flags, and Light Dues— Xlie Master's Duty 
u])on Arrival at the Port of Discharge— Appendices relative to certain Legal Matters: 
Hoard of Trade Certificates, Dietary Scales, Stowage of Grain Cargoes, Load Lme Eeguia- 
tioiis, Life-saving Appliances, Carriage of Cattle at Sea, &c., &c.— Copious Index. 

‘‘ No intelligent Master should fail to add this to his list of usefol and necessa^’ books, 
'tile iirice (-la. (Id.) cannot he quoted as an excuse for ncn-possession, and a few lines i: 
niav MAVK A i awtkk's ifKK, UESiUES ENDLESS WORUY.”— Zircrpoo/ Journal of Commerce. ^ 

“‘Shn.siiu.e, plainly written, in clear and son-technical language, and will be found o. 
MUCH SKUVIOK by the Shipmaster.”— iSritw/i Trade Review. 


FIRST AID AT SEA. 

With Coloured Plates and Numerous Illustrations. 6s. 

A MEDICAL AED SURGICAL HELP 

FOR SHIPMASTERS AND OFFICERS 

IN THE MERCHANT NAVY. 


BY 

WM. JOHNSON SMITH, F.B.C.S., 

Principal Medical Officer, Seamen’s Hospital, Greenwich. 

rUAoncALKXi’KitiENi E amongst Seamen. 

‘‘ Sound, jumoioua. really helpful —The Lancet. 


OCEAR METEOROLOGY 

FOR OFFICERS OF THE MERCHANT NAVY. 

BY 

WILLIAM ALLINGHAM, 

Joint-Au(,hor ol “ Navigation, Theoretical and Practical. 

For Complete List of Gbifpin’s Nautical Sekies, see p. 4d. 
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CHARLES GRIFFIN CO , *8 PUBLICATIONS, 


Demy 8vo, Handsome cloth, 18s. 

Physical Geology and Palaeontology, 

OJ\’ THE BASIS OF PHILLIPS. 

BY 

HARRY GOVIER SEELEY, F. R. S.. 

PROFESSOR OF GEOGRAJPKY IN KING’S COLLEGE, LONDON, 

iBlttb jfrontispiccc in Cbromo>=Xitbogtapbg, anb 3-llustration®, 


It is impossible to praise too highly the research which PROFESSOR SkkleY's 
‘ Physical Geology ’ evidences. It is far more than a Text-book — it is 
a Directory to the Student in prosecuting his researches .” — Presidential Ad- 
dress to the Geological Society, 1885, Rerj. Proj. Bonney ^ D,Sc., LL.D., F,R,S, 
“ Professor Seeley maintains in his ‘ Physical Geology ’ the high 
reputation he already deservedly bears as a Teacher. ” — Dr. Henry Wood- 
ward, F.R.S., in the “ Geological Maga%ineP 

“ Professor Seeley’s work includes one of the most satisfactory Treatises 
on Lithology in the English language. ... So much that is not accessible 
in other works is presented in this volume, that no Student of Geology can 
afford to be without it .” — American Joumcil of Engineering. 


Demy 8vo, Handsome cloth, 34s. 

Stratigraphical Geology & Paleeontology, 

OJV" THE BASIS OF PHILLIPS. 


ROBERT ETHERIDGE, F. R. S., 

GEOLOGICAL SOCIETY, ETC. 


IBIlltb JBap, mumerous Cables, anb tibirtgsstj plates. 


knowledge has ever been brought together befere.”- 

«r ® ’1“ remarkable for its originality and the breadth of iu views. 

” iisprefaio that his book diffen iTc^ 
• • - Must mk. HIGH aA«aA«o„owo«m. 
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Works by GRENVILLE A. J. COLE, M.R.LA., F.G.S., 

Professor of Geology in the Royal College of Science for Ireland. 


PRACTICAL GEOLOGY 

(J^IDS IN): 


WITH A SECTION ON PALAEONTOLOGY. 

By professor GRENVILLE COLE, M.R.LA., F.G.S. 

'I'lIlRD Edition, Revised and in part Re-written. With Frontispiece 
and Illustrations. Cloth, los. 6d. 


GENEBAL CONTENTS.— 

PART I. — Sampling of the Earth’s Crust. 

PART II.—Examination of Minerals. 

PART III.— Examination op Rocks. 

PART IV.— Examination of Fossils. 

'* Prof. Cole treats of the examination of minerals and rocks in a way that has never 
•been attempted before . . . deserving of the highest fraise. Here indeed are 
' Aids ’ INNUMERABLE and INVALUABLE. All the directions arc given with the utmost clear- 
ness and precision." — AtJuneeum. 

“To the younger workers in Geolosfy, Prof. Cole's book wil be as indisfensabljc as a 
dictionary to the learners of a -Saturday P^virtv. 

“That the work deserves its title, that it is full of ‘Aids,’ and in the highest degree 
‘ FR,^CT1CAL,’ will be the verdict of all who use it." — Nature. 

“ This EXCELLENT MANUAL . . . will bc A VERY GREAT HELF. . . . The .SeCtlon 

on the Examination of Fossils is probably the best of its kind yet published. . . . Full 
of well-digested information from the newest sources and from personal research ." — Annals 
.ef Nat. Histery, 


OPEN-AIR STUDIES! 

An Introduction to Geology Out-of-doors, 

By professor GRENVILLE COLE, M.R.LA., F.G.S. 

With 12 Full- Page Illustrations from Photographs. 

Cloth. 8s. 6ii. 

For details, see p. 86. 


Edited by PROFESSOR COLE. 

The “New Land” Series for Colonists and Prospectors 

(See next page). 
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CHARLES GRIFFIN A CO. ^8 PUBLICATION B. 


The “New Land” Series 

OF 

Practical Hand-Books 

For the Use of Prospectors, Explorers, Settlers, 
Colonists, and all Interested in the opening 
up and Deveiopment of New Lands. 

EDITED BY 

GRENVILLE A. J. COLE, M.R.I.A., F.G.S., 

Professor of Geology in the Royal College of Science for Ireland. 

In large Crown 8vo, with Illustrations. 


Yol. L— PEOSPECTING POE MINEE^LS. By S. 
Herbert Cox, Assoc.E.S.M., M.Inst.M.M., F.G.S. (p. 55). 

Yol. 2. — POOD SUPPLY. By Egbert Bruce, Agricultural 
Superintendent to the Eoyal Dublin Society. With many 
Engravings from Photographs illustrating the chief Breeds 
of Cattle, Sheep, Pigs, Poultry, &c. 4s. 6d. 

General Contents. — Climate and Soil — Drainage and Rotation of 
Crops — Seeds and Crops — Vegetables and Fruits— Cattle and Cattle- 
Breeding — Sheep and Sheep-Pwearing — Pigs — Poultry — Horses — The Dairy 
— The Farmer’s Implements — The Settler’s Home. 

^ A Practical Hand-book for the use of Colonists and Farmers, by one of the ablest, 
B^sT-KNOW^^ and MOST EXPEEiENCEB AGiiicuLTLRAL tVRiTEiis of the day .’’ — North British 
Agricvttur'ist. 

“ Bristles 'with much practical and concisely-put information.”~i?’ar7ner's Gazette. 

Yol. 3.— new LANDS AND THEIE PEOSPECTIYE 
ADVANTAGES. By Hugh Egbert Mill, D.Sc., 
P.E.S.E., Librarian to the Eoyal Geographical Society. 

Yol 4.— building CONSTEUCTION in WOOD, STONE, 
AND CONCEETE. By Jas. Lyon, M.A., Professor of 
Engineering in the Eoyal College of Science for Ireland ; 
sometime Superintendent of the Engineering Department in 
the University of Cambridge; and J. Taylor, A.E.C.S.I. 


Other Volumes will follow, dealing with subjects of 
Primary Importance in the Examination and Utilisation of 
Lands which have not as yet been fully developed. 
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GBIFFIW’S “NEW LAND” SERIES . 

Noh' I^(iGtdy» With Illustrations. Price in Cloth, 5-s.; strongly hound in 

Leather, ds. %d. 

PROSPECTING FOR MINERALS: 

A PRACTICAL HANDBOOK 

For Prospectors, Explorers, Settlers, and all interested in the 
Opening up and Development of New Lands, 

BY 

S. HERBERT COX, Assoc.KS.M., M.Inst.M.M., F.G.S, Ac. 


GrEN HiRAXi CONTENTS. — Introduction and Hints on Geology — The Deterinina- 
tioTi of iVtinerals : Use of the Blow-pipe, &c. — Bock-forming Minerals and !Noii- 
Metiillic Minerals of Commercial v alue : Rock Salt, Borax, Marbles, Litho- 

f rapliic Stone, Quartz and Opal, &c.. &c. — Precious Stones and Gems — Stratified 
)ex^osita : Goal and Ores— Mineral Veins and Lodes — Irregular Deposits — 
Dyna-mics of Lodes: Faults, &c. — Alluvial Deposits — Noble Metals: Gold, 
Platinum, Silver, ^ &c.— Lead — Mercury — Copper — Tin — Zinc— Iron — Nickel, 

&c. kSulphiir, Antimony, Arsenic, &c. — Combustible Minerals— Petroleum — 

General Hints on Prospecting — Glossary — Index. 

“ 'I Ills ADMIRABLE LITTLE WORK . . . 'WTitten with SCIENTIFIC ACCURACY in a 

CLB Ali and LXiCil) style. . . . The Author has had great experience, and his work 
is uncltjubtedly an important addition to technical literature . . . will be of value 
not only to the Student, but to the expei'ienced Prospector.”— Jotmial. 


Second Edition. With Illustrations, Cloth, 35. 6cf. 

GETTING GOLD: 

A GOLD-MINING HANDBOOK FOR PRACTICAL MEN. 

By J. 0. P. JOHNSON, F.G.S., A.LM.E., 

Life Member Australasian Mine-Managers’ Association. 


Oknkral Contents.— Introductory : Getting Gold — Gold Prospecting 
(All-avial and General)— Tjode or Pi-eef Prospecting— The Genesiology of Grold — 
A-uriferous Lodes— Auriferous Drifts— Gold Extraction— Secondary Processes 
and Lixiviation — Calcination or “Roasting” of Ores— Motor Pow’er aud its 
Tra,XTsmission— Company Formation and Operations — Rules of Thumb : Minmg 
Ap>x>liaiices and Methods — Selected Data for Mining Men — Australasian Mining 
Kei^Tilations. 

“ PliA-OnOAL from beginning to end . . . deals thoroughly with the Prospecting, 
Sinlcing, Crushing, and Extraclion of gold.”— Friie. Australasian. 

* ‘ Directors and those interested in the formation of companies would do well to pur- 
chase Mr. Johnson's book.”— Jounml. , ^ 

The reader, be he miner or novice, will gain from IVIr. Johnsons book a grip of the 

^^“‘^h^d’vie'si^oWlyTo^OTdea to aU who have any idea of proceeding to the gold 

*°“^Tk^oSrild^’'el«nents are the numerous ‘Tn« ' and hSBPUt TratNEiKS given." 
— Stancta/rd. 
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ORE & STONE MINING. 

BY 

C. LE NEVE FOSTER, D.Sc., F.R.S., 

frofhssor ok mining, royal college of science h.m. inspector of mines. 
Second Edition. With Frontispiece and 716 Illustrations. 34s. 


'*Dr. Foster’s book was expected to be epoch-making, and it fully justifies such expec- 
tation. ... A MOST admirable account of the mode of occurrence of practically all- 
known minerals. Probably stands unrivalled far completeness.”— Mining yeumal. 

GENERAL CONTENTS. 

INTRODUCTION. Mode of Oecuprence of Minerals: Classification: Tabular 
Deposits, Masses— Examples: Alum, Amber, Antimony, Arsenic, A.sbe 3 t 08 , Asphalt, 
Barytes. Borax, Boric Acid, Carbonic Acid, Clay, Cobalt Ore, Copper Ore, Diamonds, 
Flint, Freestone, Gold Ore, Graphite, Gypsum, Ice, Iron Ore, Lead Ore, Manganese 
Ore, Mica, Natural Gas, Nitrate of Soda, Ozokerite, Petroleum, Phosphate of Lime* 
Potassium Salts, Quicksilver Ore, Salt, Silver Ore, Slate, Sulphur, Tin Ore, Zinc Ore. 
Faults. Prospecting:: Chance Discoveries — Adventitious Finds — Geolo)^ as a 
Guide to Minerals— Associated Minerals— Surface Indications. Boring:: Uses ot 
Bore-holes — Methods of Boring Holes: i. By Rotation, ii. By Percussion with Rods, 
iii. By Percussion with Rope. Breaking Ground; Hand Tools— Machinery — 
Transmission of Power- Excavating Machinery : i. Steam Diggers, ii. Dredges, 
iii. Rock Drills, iv. Machines for Cutting Grooves, v. Machines for Tunnelling — 
Modes of using Holes— Driving and Sinking — Fire-setting— Excavating by Water. 
Supporting Excavations: Timbering — Masonry— Metallic Supports — Watertight 
Linings— Special Processes. Exploitation : Open Works Hydraulic Mining — 
Excavation of Minerals under Water— Extraction of Minerals by Wells and Bore- 
holes — Underground Workings— Beds— Veins— Masses. Haulage or Transport: 
Underground: by Shoots, Pipes, Persons, Sledges, Vehicles, Railways, Machinery, 
Boats— Conveyance above Ground. Hoisting or Winding: Motors, Drums, and 
Pulley Frames— Ropes, Chains, and Attachments— Receptacles— Other Appliances — 
Safety Appliances — Testing Ropes — Pneumatic Hoisting. Drainage: Surface Water 
— Dams — Drain^e Tunnels — Siphons — Winding Machinery — Pumping Engines 
above ground — Pumping Engines below ground — Co-operative Pumping. Ventila- 
tion: Atmosphere of Mines— Causes of Pollution of Air — Natural Ventilation — 
Artificial Ventilation : i. Furnace Ventilation, ii. Mechanical Ventilation— Testing 
the Quality of Air — Measuring the Quantity and Pressure of the Air — Efficiency of 
Ventilating Appliances — Resistance caused by Friction. Lighting: Reflected 
Daylight — Candles — Torches — Lamps— Wells Light — Safety Lamps— Gas — Electric 
Light. Descent and Ascent ; Steps and Slides — Ladders — Buckets and Cages— Man 

Engine. Dressing: i. Mechanical Processes ii. Processes depending on Physical 

Properties— iii. Chemical Processes— Principles of Employment of Mining Labour* 
—Legislation affecting Mines and Quarries. Condition of the Miner — 
Accidents. 

“This epoch-making work . . . appeals to men of experience no less than to 

students.” — Berg- uttd HUttenmdnnische Zeitung, 

“This splendid work.” — Oesterr. Ztschrft. fur Berg- tend Huttenwesen, 


ELEMENTARY MINING AND QUARRYING 

(An Introductory Text-book). 

By Prof. 0. LE NEVE FOSTER, F.R.S. 

In Crown 8vo. With Illustrations. {Shortly, 
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OOAL-MINING (A Text-Book of): 

FOR THE USE OF COLLIERY MANAGERS AND OTHERS 
ENGAGED IN COAL-MINING. 

BY 

HERBERT WILLIAM HUGHES, F.G.S., 

Assoc. Royal School of Mines, General Manager of Sandwell Park Colliery. 

Third Edition. Ih Demy Svo, Handsome Cloth. With very Numcrmis 
Illustrations^ mostly reduced from Working Drawings. Price I Ss. 

'* The details of colliery work have been fully described, on the ground that 
• collieries arc more often made remunerative by perfection in small matters 
than by bold strokes of engineering. . . . It frequently happens, in particular 

localities, that the adoption of a combination of small improvements, any of 
which viewed separately may be of apparently little value, turns an unprofitable 
concern into a paying one.” — Extract from Author's Preface, 


GENERAL CONTENTS. 

Q-eology : Rocks -Faults — Order of Succession — Carboniferous System in Britain. 
Goal: Definition and Formation of Coal— Classification and Commercial Value of Coals. 
Search for Coal : Boring— various appliances used — Devices employed to meet Difiiculties 
of deep Boring— Speci.n I methods of Boring— Mather & Platt’s, American, and Diamond 
'^sterns — Accidents in Boring-Cost of Boring — Use of Boreholes. Breaking Ground* 
Tools — Transmission of Power: Compres.sed Air, Electricity — Power Machine I)riIlfj--*CoaI 
Cutting by Machm cry— Cost of Coal Cutting— Explosives— Blasting in Dry and Du.sty 
Mines— Blasting by Electricity— Various methods to supersede Blasting- Sinking: 
Position, Form, and Si*e of shaft— Operation of getting down to “ Ston<'-hcad ” — Method of 
proceeding afterwards— Lining shafts— Keeping out Water by Tubbing— Cost of Tubbing — 

' Sinking by Boring— Kind - Chaudron, and Lipmann methods — Sinking through Quicksands 
—Cost of Sinking. Preliminary Operations : Driving underground Road.s — Supporting 
Roof: Timbering, Chocks or Cogs, Iron and Steel Supports and Masonry— Arrangement of 
' In.sct. Methods of Working : Shaft, Pillar, and Subsidence — Bord and Pillar System— 
•Lancashire Method — Longwall Method — Double Stall Method — ^Working Steep Seams — 
Working Thick Scams— Working Seams lying near together — Spontaneous Combustion. 
Haulage: Rails — Tubs— Haulage W Horses — Self-acting Inclines — Direct-acting Haulage 
— Main and Tail Rope — Endless Chain- Endless Rope — Comparison. Wixiaing: Pit 
’ F rames — Pulleys— Cage.s— Ropes— Guides — Engines — Drums — Brakes— Counterbalancing-— 
Expansion — Condensation — Compound Engines — Prevention of Overwinding— Catches at pit 
■top — Changing Tubs — Tub Controllers— Sign-alling. Pumping: Bucket and Plunger 
Pumps — Supporting Pipes in Shaft — Valves — Suspended lifts for Sinking — Cornish and 
'Bull Engines — Davey Differential Engine — Worthington Pump— Calculations a.s to sixe of 
Puraps~T)raining Deep Workings — Dams. VentJLlatlou: Quantity of air recpiired — 
Gases met with in Mines— Coal-dust — Laws of BViction — Production of Air-currents— 
Natural Veivtilation— Furnace Ventilation — Mechanical Ventilators — Efficiency of Fans— 
Comparison of Furnaces and Fan.s — Distribution of the Air-current- Measurement of Air- 
currents. Lighting: Naked Lights -- .Safety L.amps — Modern Lainps_ — Conclusions— 
Locking and Cleaning Lamp.s— Electric Light Undergprouud — Delicate Indicators. Worka 
at Surface; Boilers— Mechanical Stoking — Coal Conveyors— Workshops. Preparation 
of Goal for Market: General Considerations— Tipplers— .Screens— Varying the Sixes made 
by Screens— Belts— Revolving Tables— Loading Shoots— Typical Illustrations of the arrange- 
ment of Various Screening Establishments— Coal Washing — Dry Coal Cleaning —Briquette#. 


"Quite THE BEST BOOK ofits kind ... as practical in aini as a book enu be . . 
touches upon every point connected with the actual working of collieries. The illustrations 
are kxcbu.lknt.”— AZ/ tifWiTi-ww. 

"A Text-book on Coal-Mining is a great desideratum, and Mr. Hughks possc.sscs 
ADMIRABLE QUALIFICATIONS for .supplying it. . . . We Cordially recomm end thc work.” 

—Calliery Grtardian, 

'* Mr. Hughes has had opportunities for study and research which fall to the lot of 
but few men. If we mistake not, his text-book will soon come to be regarded as the 
STANDARD WORK of its kind.” — Birimngha7n Daily Gazette. 
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AND ITS PRODUCTS: 

A 3PK: AOODXO AJC* TREATISE. 
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BOVERTON REDWOOD, 

RE.S.E,, F.LC., Ahhoo. Inst. O.E., 

Hott. Oorr. Umi. of tli« Husnian Tochnlnal Hot;U*ty; M«m. <>f the Am®rloau Chemical « 

Society ; CotiaulLliig A<lvi«er the Con‘i>ri‘'tlon of Londou under the 
Petroleum Aot»> Ac., &o. 

Absihtei) m GEO. T. HOLLOWAY^ FJ.C., Assoc. K.C.S., 

And Numerous Contributors. 

In Two Volumes, Large 8vo. Prioe 468. 

TOtb Humeroua iHbape, tplatcs, anb JUustrations in tbc ITeit 

GENEBAL CONTENTS. 

I, Osneral Historical Account of VIIL Transport, Storage, and His- 
tbe Petroleum Industry. tributlon of Petroleum. 

H. Geological and Geographical IX. Testing of Petroleum. 

Distribution of Petroleum and X. Application and Uses of 

Natural Gas. Petroleum, 

ni. Chemical and Physical Pro- XI. Legislation on Petroleum at 
pertles of Petroleum. Home and Abroad. 

IV. Origin of Petroleum and Natural XII. Statistics of the Petroleum 

Gas. Production and the Petroleum. 

V. Production of Petroleum, Trade, obtained from the 

Natural Gas, and Ozokerite. most trustworthy and oflacial 

VL The Eeflnlng of Petroleum. sources. 

VII. The Shale Oil and Allied In- 
dustries. 

** T1u5 m<»st coiviriUf’.in^Nhavi'; ani> convkmknt A<M!<»UN'rtlmthttH yet appeareil 
of a KigJi-id.ii*. itiduHtry whii’h Iiuh uuul*' iiu'aloulabh^ t<i tho tMUufort of 

civiliHt'd man. . , . 'I'ho (^baptor <U*aling with tho ammK'ouumt for htohaok 

ami i’i{ANHi»ottT <»f (JUKAT ri(A<!Tt<’Ah intkhkht. . . . 'rhonuiKHT of r.Fom* 

hATioN on ilit* Hnl*j(‘ot onnnotbnt provtMif tlm uukati-ht utility. " 7'hf^ 7'ituf8. 

“A .si'M-'Ntun coNTUinuTKiN t<i our t.<’ohnioal lit<*rat.ur<'.” (*hnnU'a( Nnvn, 

**ThiH THoHouoin.v htanmaui* wouk . . . in ovory way i xt'W j v.nt 
, , TuoHt fully ami ahly hamllt!<l . , . ronhl only liavo hcon i>r«»(lnml 

by a man in ilit^ vun-y exooptioual nonitiou of the Author. . . . Iniuhimiin* 
SAULK to ail who have t«» do with IN'troltnnn, its aim‘LIUati{jNh, manufauthuk, 
STOUAOK., or TKANHPOHT." Miuiim JuurtUtl. 

‘*We must ooneo<le to Mr. IUhIwojhI the diatinetion of having pnahiced a 
treatise wiiieli mnnt he mlmitted to the rank of Tiiifi iNinHFKNHAnLKB. It con- 
tains I'HK LAMT WOHU that euu he Hai<l about iVtroleum in any of its hoikntifh?, 
TKailNU’AL, and LKCiAU uHpectH. It would he dillUndt to cutneeive of a more 
comprehensive and t'xpli(‘it atuunint of the geologiral comlitionn iwHociated with 
the BUPFLY of Fetrolenm and the vvi-y prmticul ({ucHtion of its amount ami 
noEATION.'’~t/aaracf/ of (7m JAghUUih 
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MINE^SURVEYING (A Treatise on): 

ror the um of Managera of Mines and Co/IIeries, Students 
at the Rogal Sohooi of Mines, dc. 

Bv BKNNKTT H. BROUGH, F.G.S., Assoc.R.S.M., 

luntnicior of M me Surveying, Royal School of Mines. 

Wifh IHin^rAnm, Sixth Khition, ;itul Revised. Cloth, 7 ^. 

CiKNERAI. CONTKNT.S. 

Hxpianutjun;! ■ McaNurenieut of ni.stance.s-— Miner’s Dial — Vanution ol 
the Magtirut' Nmlk*^ ■ Surveym^: with the Maguetic-Needle in prf\%nee of Ircm- 
With the fixed Needle t lermau 1 )ial' 'rjieodolite— 'dVaversin^; IhitliTT’ 
gHwyitl Suiinre Surveys with 'nieottoliie — Blotting the Survey Clalcniatioa 
Aim% I .^velhn^ Conneeti^jn of Underjjmiuul' and Surface-Survey.s Measuring! 
fhAlitorn^ hy ’telescajH* Setting <»nt Mine-Surveying Problems Mine 
A|i|4heatuin!i uf Magnetie Needle in Mining I ’hottn'niphie Surveying, Affendit f^. 

llm% rK^vtU' iO^rij .4 s At i' All. If ’Icxt-hotik ; the iimst, if nut die uuly one. in the Kiiglixih 
uij ihr Md‘|e< {,*' J/jVin'/i' 7e/< #«*»<'. 

'So htiuhih «<tH?Akmg Mmr Ajcent ur Mming Studeat will consider his tcehniral IihrinrY 
Cfungltt# wvdiuiK a 

A vj*iui^|4<p o» Survovori m overy denurnunnt of commarciiU «iurr|»r **»r, 

f’ S'iJv denirrvr<» huld n^t g(»»,jiuni a** « s rANUAKn.'*— Ce/oVry Cruardittu, 


In Sf'A with Illustrations and Foldini^-Plates. lo/. hd. 

BLASTING: 

AND Tin-: USI-: of KxrLosivF;s. 

A Handbook for Enginesrs and others Engaged In Mining, 
Tunnelling, Quarrying, Sec. 

By OSCAR OUTTMANN, Assoc. M. Inst. C.E. 

MtmtJhr 4 / fke .VerfY/w 4f i'tpii Kn^Hd^rs anti Arxhiirdis 4f Vitinna and 
4f th* Jm/k, A’^y. G*4i4giml I 0 / AmfHa^ 

lffeN««Al. CtmTKNTH. ■Hifitorieal Sketch Blanting Materiab-- Bhthting UaW' 

te' ■■-■Varioitt Powder -rnixt tires (lun-cf)tton--' -•Nitra»glycerine and 1 ^ynimut#**- 
Qihm NIim-comfHmnfN Sprengel'M Lif/uid (acid) lCxpJofjive.H CRher Meanii of 
lllMlirtg » ■7imlhie«, Uaiigei.H, and Handling of Explo.sives- -■■(.. 'holce; of Blaisiiog 
MAler»l»""-Ap{mritlus for Measuring Korce— Blasting in Fiery Miriefi— MeaM ef 
Ifttkifii C*lmrg«ii--d*rejmration of Blasts- Bore-holes-- Muehine-^drilling '' ■ c dmmlwr 
Ii4ifie»- -Chargifig of Bore-holes- -'Determination of die C’harge-— Hhisting in Dore- 

hvito Firing -Straw and Fiixe Firing— Klectrical Kinng--*»Substitutf's iur I-Uerifirnl 

f*'tftog Results tif Working • Various Blasting Operation.s tpiuirrying Hhi‘dmg 
\htit»rir)% Iron and M'ooden Struct ure.s -Bla.sting in earth, mider water, of iee, 

’ ‘I'ld^ AitMUHABi.iK Wink.”— tW/iVry ifmtrdian. 

** should nr«v« H ?•,!#/#■ wet ww lu Mining Kugiuccr^ umi all engaged in prui'lital wuik, 

/re« ( .'.ii/ '/V.h//f AVivWii. 
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NEW VOLUME OF GEIFFIN’S MINING SERIES. 

Edited by C. LE NEVE POSTER, D.Sc., P.B.S., 

H.M. Inspector of Mines, Professor of Mining, Royal School of Mines. 


Mine Accounts and Mining Boot-keeping, 

A Manual for the Use of Students, Managers of Metalliferous 
Mines and Collieries, Secretaries of Mining Companies, 
and others interested in Mining. 

With Nuivierous Examples taken from the Actual Practice 
OF Leading Mining Companies throughout the world. 

BY 

JAMES GUNSONLAWN, Asaoc.R.S.M., Assoc. Mem.Inst.C.E., F.G.S.,. 

Professor of Mining at the South African School of Mines, Capetown, 
Kimberley, and Johannesburg. 

In Large Svo. Price 10s. 6c2. 

GENERAL CONTENTS.— Introduction. Part I. Engagement and Payment of 
Workmen—Bata Determining Gross Amount due to Workmen— A. Length of Time Worked 
— Overtime— B- Amount of Work done— Sinking and Driving— Exploitation— Sliding Scales- 
Modifications— C. Value of Mineral gotten— Deductions— Pay-Sheets, Due-Bills, and Pay- 
Tickets. Part II. Purchases and Sales— Purchase and Distribution cf Stores— Books and 
Forms Relating thereto— Sales of Product— Methods of Sale— Contract— Tender— Delivery of,, 
and Payment for, .Mineral— Tin Ore— Coal— Silver Ore— Gold Ore Part III. Working 
Summaries and Analyses -Summaries of Minerals Raised, Dressed, and Sold; and of 
Labour— Analyses of Costs— Accounts Forwarded to Head Ofifice. Part IV. Ledger, Bal- 
ance Sheet, and Company Books — Head Office Books— Ledger— Principal Accounts of 
a Mining Company— Capital Account— Sale and Purchase Accounts— Capital Expenditure- 
Personal— Stores— Wages Account— Bad Debts Account— Cash Account— Bills Receivable and 
Payable Account— Discount and Interest Account— Product Account— Working Accounts— 
Profit and Loss Account— Journal— Inventory— Balance Sheet— Bibliograpliy — Redemption of 
Capital— 1. Debentures— 2. Sinking Fund— A. By Equal Annual Sums-B By Annual Sum 
varying according to a Formula— C. By Annual Sum depending on Mineral worked— 3, En- 
larged Dividends or Bonuses— Depreciation— Reserve Fund— Bibliography— General Consider- 
ations and Companies Books — Private Individuals— Private Partnership Companies— Cost-book 
Companies— Limited Liability Companies— Stocks and Shares— Debentures— Books connected; 
with Shares— Miscellaneous Books— Bibliography. Papt V. Reports and Statistics- 
Inspections of Workings and Machinery— A. Colliery Reports, Inspections— Report Books 

—Measurement of Ventilating Current— Permits to fire Shots and carry Safety Lamp Key— 
B. Ore Mine Reports, &c— G, Afiscellaneous Reports, «fcc.— Reports of Mining Companies— 
Managers’ Reports— Diagrams— Tabular Statements — Reports of Directors— Reports of Cost- 
book Mines— Mining Statistics— Great Britain— Other Countries— Bibliography. 

“ It seems impossible to suggest how Mr. Lawn’s book could be made more complete or 
more valuable, careful, and exhaustive.’'— Accownfanfs' Magazine. 

Mr. Lawn’s book should be found of great use by Mine Secretaries and Mink 
Managers. It consists of five Parts. Part 1 is devoted to the engagement and payment of 
workmen, and contains forms of contracts and pay sheets of various descriptions in use by 
Mining Companies in England and South Africa. Special reference is made to pay sheets and 
forms employed by the De Beers Consolidated Mines, to the General Manager and the late 
Secretary of which Company the author is indebted for the particulars given. Part 2 is taken 
up by a description of books and forma relating to the purchases of Stores, &c., and to sales of 
the Products of the mines. Part 3 is the most important section of the book, containing in- 
structive details of the manner of obtaining summaries of Working Expenditure and Analyses 
of Costs. The forms used in this connection by the De Beers Company are shown in extenso. 
Part 4 consists of the Bookkeeping, properly so-called, of a mining company. All details 
concerning the ledger, journal, and other books, and the principal working accounts of a mine 
are given. There are some very interesting formulae in this section, showing the manner in 
which the capital of a company should be redeemed and repaid to its Shareholders. 
According to this manual there are three ways in which this extremely desirable end may be 
arrived at. . . . The book is published at half a guinea, a price low enough considering 
the amount of information and instruction set ioxtii."— Johannesburg Star. 
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ELEMENTS OF 

Metallurgy: 

A PRACTICAL TREATISE ON THE ART OF EXTRACTING METALS 
FROM THEIR ORES. 

IJY 

j. arthum m.inst.o.e., f.o.s., f.o.s., &c. 

AND 

II. P»AU HUMAN, V.P.G.B. 


a i; N m rax- c o ktekt s. 


lirlmrtury 

Kti#»K h%\ 
Alnmintiim. 

I 


Anthxioiiy, 

Arnenic. 

Ziwc. 

IVlercviry. 

Hinnuith, 

J jit'ai 1 . 


Tron. 

Cobalt. 

N ickel. 
Silver. 
Gold. 
Platinum. 


MaLiiy ntiVAUiM Ai»l»rrioN.H, <U»HlhiK with now ProcenwcH and X>evelopment«^ 
will hi* foiiinl ill tins Third Edition. 


llip 1‘iiitiD KurrtdN, Wf* aro hUII able to say that, an a Text-book o£ 
|Vl#sialluri?y, it In thk nr.nr with whioh -wo are aoduamted.'* 

**11w vainr «tf thii work in aUnoHt inmthnablt. Thar© can b© no question 
%l»l ikm MiHHint of ami lalumr baHtowed on it is enomaous. . . . Ther« 
|» in* M«4alhir|ficid ''rraatiH© in the lan^uaK© calculated to prove of 

tiicti utility, “ Minmtf *f<mrnaf, 

** III it*b uwfui mid liandHotn© volunxc is condanHad a large amount of 

firaiitlaal knuwletka, A careful study of the lirnt division of the book, 
f>» will V» futtud to he f>f great value to every one in training for the 

afifdleatiorw of tnir wtuentifle knowledge to any of onr metallurgical 
- -Ai/mumm. 

^ A WAirk wtiwli k fstrually vahiabl© to the Student as a Text-book, and to the 
m a Hteiulard Work of Keference. . . . The lUuBtratioii* 

■yrt irflmimblei exam|ile« of Wood Bngraving.”— <7/fcem£cfi,i? J^Tews, 
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Metallurgists, Mine-Owners, Assayers, Manufacturers, 
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the Metallurgical Industries. 
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W. C ROBERTS-AUSTEN, C.B., D.C.L., RR.S., 

CHEMIST AND ASSAYER TO THE ROYAL MINT ; PROFESSOR OF METALLURGY IN 
THE ROYAL COLLEGE OP SCIENCE. 

In Lar'ge Handsome Cloth. With Illustrations. 


1. IKTHODUCTION- to the STUDY of METALLURGY. 

By the Editor. Fourth Edition. 15s. (Seep. 63.) 

2. GOLD (The Metallurgy of). By Thos. Kirke Rose, 

D.Sc., Assoc. R.S.M., F.I.C., of the Royal Mint. Third Edition, 
2 IS. (Seep. 64.) 

3. IBOW (The Metallurgy of). By Thos. Turner, 

Assoc. R.S.M., F.I.C., F.C.S. i6s. (Seep. 65.) 


Will he Published at Short Intervals. 

4. STEEL (The Metallurgy ot). By F. W. Harbord, 
Assoc. R.S.M., F.I.C. 

6. SILVER AND LEAD (The Metallurgy of). By li. F. 

Collins, Assoc. R.S.M., M.InstM.M. \At Press. 

6. METALLURGICAL MACHINERY: the Application of 

Engineering to Metallurgical Problems. By H enry Charles J enkins, 
Wh.Sc., Assoc. R.S.M., Assoc. M. Inst. C.E., of the Royal College of 
Science. 

7. ALLOYS. By the Editor. 

' Other "Volumes in Preparation. 
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Ca-ItlFFIIir’S metalltjrgical series. 


Fourth Edition, Revised and Enlarged. Price 15s. 

AN INTRODUCTION TO THE STUDY 

OF 

M ETALLURGY. 

BY 

w. c. ROBERTS-AUSTEN, C.B., D.C.L., F.R.S., 

Aiisocia-te- of the Royal School of Mines; Chemist and Assayer of the Royal Mint; 
Profcs.sor of Metallurgy in the Royal College of Science. 

In Svo, with numerous Illustrations and Micro-Photographic Plates 

of different varieties of Steel. 


GENERAL 

The Rela.t;iorL- of Metallurgy to Chem- 
iatry. 

Physica.1 3Pxoperties of Metals. 
Alloys. 

The Tb-earm-al Treatment of Metals. 
Puel axxdL Tlxermal Measurements. 
Materia.ls and Products of Metallur- 
gioal JProcesaes 


CONTENTS. 

Furnaces. 

Means of Supplying Air to Fur- 
naces. 

Thermo- Chemistry. 

Typical Metallurgical Processes. 
The Micro-Structure of Metals and 
Alloys. 

Economic Considerations. 


“ NTo text-book at all approaches this in the completeness with 

which most modern views on the subject are dealt with. Professor Austen’s 

volume will Toe invaluable, not only to the student, but also to those whose 
knowledligfes oF th« art is far advanced.” — Chemical News. 

** iNT’V’A.lLtJABl.-K to the Student. . . . Rich in matter not to be readily found 

clsewhojoes. ' ' .Athenceum, 

** 'CTb.is volume amply realises the expectations formed as to the result of the 
labours of so eminent an authority. It is remarkable for its originality of con- 
ccption CLiaci for the large amount of information which it contains. . . . We 

rccomirxicsriLci every one who desires information not only to consult, but to study 
this worlc. JEn^neering. 

** 'Will stt once take front rank as a text-book.” — Science and Art, 

“ Pirof. Roberts- Austen’s book marks an epoch in the history of the teaching 
of meta.lltxrg^ in this country." — Industries. 
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GHtlFPIN’S METALLURGICAL SERIES. 


Third Edixion. Eevised and Enlarged. Handsome Cloth. 21s. 

THE METALLURGY OF GOLD. 

BY 

T. KIE.KE ROSE, D.Se.Lond., Assoc.R.S.M., 

Assistant Assayer of the Royal Mint 

Revised and partly Re-writben. Including the most recent Improve- 
ments in the Cyanide Process. With Frontispiece 
and numerous Illustrations. 


GENERAL CONTENTS. 

The Properties of Gold and its Alloys. Chlorination : The Preparation of Ore- 
Chemistry of the Compounds of Gold. for Treatment. 

Mode of Occurrence and Distribution Chlorination: The Vat Process. ' 

of Gold. Chlorination ; The Barrel Process. 

Placer Mining. Chlorination : Practice in particular 

Shallow Deposits. Mills. 

Deep Placer Mining. The Cyanide Process. 

Quartz Crushing in the Stamp Battery. Chemistry of the Cyanide Process. 
Amalgamation in the Stamp Battery. Pyritic Smelting. 

Other Forms of Crushing and Amal- The Refining and Parting of Gold 
gamating Machinery. Bullion. 

Concentration in Stamp Mills. The Assay of Gold Ores. 

Stamp Battery Practice in particular The Assay of Gold Bullion. 

Localities. Economic Considerations. 

Bibliography. 

“ Acompbkhensivk I‘kagtical tkhatisb on this important subject.'’— Times. 

‘‘The MOST COMPLETE dcBcription of the chlorination procssh which has yet been pnb- 
lUhed.”— Journal, 

“ Dr. Bosk gained his experience in the Western States of America, but he has secured 
details of gold-working from all parts of the world, and these should be of great bkrviok 
to practical men. . . . The four chapters on Chlorination, written from the point of view 
alike of the practical man and the chemist, term with considerations hitherto unrecoo- 
NiSKD, and constitute an addition to the literature of Metallurgy, which will proTe to bo of 
classical Yalue,”— iVb^wre. 

“Adapted for all who are interested in the Gold Mining Industry, being free from tech- 
nicalities as far as possible, but is more pai-ticularly of value to those engaged in the 
industry— viz., mill-managers, reduction-officers, I'fcc.”— Gapp Times. 
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THE METALLDRGY OF IRON. 


BY 

THOMAS TURNER.. Assoc.R.S.M., F.I.C., 

Director of Technical Instruction to the Sta.jfordshire County OowiiciL 

In Large 8vo, Handsome Cloth, With Numerous Illuwtkatiohh 
(many from Photographs). Price 16 s. 


CS-ENERAL 

Early History of Iron. 

Modem History of Iron. 

Tlie Age of Steel. 

Chief Iron Ores. 

Preparation of Iron Ores. 

The Blast Eurnace. 

The Air used in the Blast Furnace. 
Beactions of the Blast Furnace. 

The Fuel used in the Blast Furnace. 


CONTENTS. 

! Slags and Fluxes of Iron Smelting, 
j Properties of Cast Iron. 

Foundry Practice. 

I Wrought Iron. . , 

Indirect Production of Wrought 
Iron. 

The Puddling Process. 

Further Treatment of Wrought 
Iron. 


Corrosion of Iron and Steel. 


A MOST VALUABLE SUMMARY of useful knowledge relating to every inotluHl Riid 
stage in the manufacture of cast and wrought iron down to the present moment . . . 
particularly rich in chemical details. . . . An exhaustive and rkai-t-v kkrukd 
compilation by a most capable and thoroughly up-to-date mefcallurgicR! 
authority.” — Bulletin of the American Iron and Steel Association. 

This is A dklightful book, giving, as it does, reliable information on » Buhjert 
becoming every day more elaborate. . . . The account of the chief iron 

like the rest of this work, rich in detail. . . . Foundry Practice has been ninil# 

the subject of considerable investigation by the author, and forms an inberoHbing nnH 
able chapter.” — Colliery Guardian, 

“ Mr. Turner’s work comes at an opportune moment and in answer to a HICAL 
DEMAND. ... A THOROUGHLY USEFUL BOOK, which brings til© siibject IJI* TO 
DATE. The author has produced an eminenti.y readable book. . . , What- 
ever he describes, he describes well. . , . There is much in the work that will bt 

of great value to those engaged in the iron industry.” — Mining UournaC^ 
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In large 8vo, With Numerous Illustrations and Three Folding* Plates. 

Price 21s. 

ELECTRIC S1ELTIR& & REEIEIR&: 

A PRACTICAL MANUAL OF 

THE EXTRACTION AND TREATMENT OF METALS 
BY ELECTRICAL METtlODS. 

Being the “ ELEKTRO-METALLLTRGIE ” of 

Dr. W. BORCHERS. 

Translated from the Second German Edition 

By WALTER G. McMILLAN, F.LC., E.C.S., 

Secretary to the InstiUtUon of Electrical Engineers : late. Lecturer in Metallurgy 
at Mason College.^ liirw hujham. 


THE Publishers beg to call attention to this valuable work. Dr. Borchers’ 
treatise is praotioal throughout. It confines itself to one branch of Electro-Chemisti-y, 
viz. -Electrolysis, a subject which is daily becoming of more and more importance to 
the Practical Metallurgist and Manufacturer, Already in the extraction of Aluminium, 
the refining of Copper, the treatment of Gold and other metals, electrical processes 
are fast taking the place of the older methods. Dr. Borohers’ work is acknowledged as 
the standard authority on the subject In Germany. 


CONTENTS. 

Part I. — Alkalies and Alkaline Earth Metals: Magnesium, 
Lithium, Beryllium, Sodium, Potassium, Calcium, Strontium, Barium, 
the Carbides of the Alkaline Earth Metals. 

Part II. —The Earth Metals: Aluminium, Cerium, Lanthanum, 
Didymium. 

Part III. — The Heavy Metals : Copper, Silver, Gold, Zinc and Cad- 
mium, Mercury, Tin, Load, Bismuth, Antimony, Chromium, Molybdenum, 
Tungsten, Uranium, Manganese, Iron, Nickel, and Cobalt, the Platinum 
Group. 

“ Comprehensive and authoritative . . . not only full of valuable infor- 
mation, but gives evidence of a thorough insight into the technical value and 
possibilities of all the methods disous80d.”-~SrAc Electrician. 

“ Dr. Borohers' well-known work . . . must of necessity be acquired by 
every one interested in the subject. Excellently put into English with additional 
matter by Mr. M'Millan ... the phenomenal rapidity with which the practical 
applications of Eleotro-Mktallurgy are advancing in Germany and in America, 
affords much material for reflection to Engineers in England. ’’—-Aatwre. 

“ Will be of GREAT service to the practical man and the Student.” — Electnc Smelting. 
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CHARLES GRIFFIN 00-^8 PUBLIOATIONSU 


Second Edition in Preparation. 

ELECTRO-METALLURGY 

(A TREATISE ON) : 

Embracing the Application of Electrolysis to the Plating, Depositing, 
Smelting, and Refining of various Metals, and to the Repro- 
duction of Printing Surfaces and Art-Work, <kc. 

BY 

WALTEE G. McMillan, f.lc., e.c.s. 

With numerous Illustrations. Large Crown Svo. Cloth. 

^ This excellent treatise, . . . one of the best and most complete 

■manuals hitherto published on Electro-Metallurgy.” — Electrical Review. 

‘‘This work will be a standard.” — Jeweller. 

“Any metallurgical process which reduces the cost of production 
must of neceateity prove of great commercial importance. . . .We 

recommend this manual to all who are interested in the practical 
APPLICATION of electrolytic processes.” — Nature. 


Tk Art of tk GoMsmitli and Jeweller 

(A Manual for Students and Practical Men). 

By THOS. B. WIGLBY, 

Headmaster of the Jewellers and Silversmiths’ Association Technical 
School, Birmingham. 

ASSISTED BY 

J. H. STANSBIE, B.Sc. (Lond.), F.LO., 

Lecturer at the Birmingham Municipal Technical School. 

In Large Crovm Svo. With Numerom Illustrations. 

LONDON ; CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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CBASLMS GRIFFIN <k CO.'S PUBLICATIONS. 


INORGANIC CHEMISTRY 

(A SHORT MANUAL OR). 

BY 

A. DUPRE, Ph.D., F.R.S., 

AND 

WILSON HAKE, Ph.D., F.LC., F.C.S., 

Of the Westminster Hospital Medical School. 

Second Edition, Revised. Crown. 8vo. Cloth, ys. 6d. 

“ A well- written, clear and accurate Elementary Manual of Inorganic Chemistry. . . . 

We agree heartily in the system adopted by Drs- Dupr6 and Hake. Will make Exi'ERI- 
MENTAL Work trebly ihteresting because intelligible.” — Saturday Review. 

“There is no question that, given the perfect grounding of the Student in his Science, 
the remainder comes afterwards to him in a manner much more simple and easily acquired 
The work is an example of the advantages of the Systematic Treatment of a 
Science over the fragmentary style so generally followed. By a long way the best of the- 
small Manuals for Students.” — Analyst, 


laboratory handbooks by a. HUMBOLDT SEXTON,. 

Professor of Metallurgy in the G-lusgow and West of Scotland Technical College. 


Sexton’s (Prof.) Outlines of Quantitative Analysis. 

P0£ THE USE OF STUD EFTS. 


With Illustrations. Fourth Edition. Crown Svo, Cloth, 3s. 

“ A COMPACT LABORATORY GUIDE for beginners was wanted, and the want has 
been well supplied. ... A good and useful book.” — Lancet. 


Sexton’s (Prof.) Outlines of Qualitative Analysis. 

FOR THE USE OF STUDENTS. 

With Illustrations. Third Edition. Crown Svo, Cloth, 3s. 6d, 

“ The work of a thoroughly practical chemist, Medical Journal. 

“ Compiled with great care, and will supply a want .” — Jourml of Education. 


Sexton’s (Prof.) Elementary Metallurgy: 

Including the Author’s Practical Laboratory Course. With many 
Illustrations, 6s. [See p. 66. 

“ Just the kind of work for students commencing the study of metallurgy.” — 
FracticaZ Engineer. 
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CHARLES GRIFFIN G0J8 PUBLICATIONS, 


WORKS BY A. WYNTER BLYTH, M.RX.S., F.C.S., 

Barrister-at-Law, Public Analyst for the County of Devon, and Medical Officer of Health for 

St. Marylebone. 

FOODS; 

THEIR COMPOSITION AND ANALYSIS. 

In Demy 8vo, with Elaborate Tables, Diagrams, and Plates. Handsome 
Cloth. Fourth Edition. Price 21s. 

aENERAL CONTENTS. 

History of Adulteration — Legislation, Past and Present — Apparatus 
useful to the Food-Analyst — “Ash” — Sugar — Confectionery— Honey — 
Treacle — Jams and Preserved Fruits— Starches — Wheaten-Flour — Bread 
— Oats — Barley — Rye —Rice — Maize — Millet — Potato — Peas — Chinese 
Peas — Lentils — Beans — Milk — Cream — Butter — Olep-Margarine — 
Butterine — Cheese — Lard — Tea— Colffee — Cocoa and Chocolate — Alcohol — 
Brandy — Rum — Whisky — G in — Arrack — Liqueurs — Absinthe — Principles 
of Fermentation — Yeast — Beer — Wine — Vinegar — Lemon and Lime 
Juice — Mustard — Pepper— Sweet and Bitter Almond — Annatto— Olive 
Oil — Water — Standard Solutions and Reagents. Appendix : Text of 
English and American Adulteration Acts. 

PRESS NOTICES OF THE FOURTH EDITION. 

“ Simply iNDi.sPENSABLK in the Analyst’s laboratory.”— 77ie Lancet. 

“The Stanbaed woet?: on the subject. . . . Every chapter and every page gives 
abundant T'roof of the strict revision to which the work has beet! subjected. . . . The 

section on Milk is, we believe, the most exhaustive study of the subject extant. . . . An 
INDISPENSABLE MANUAL for Analysts and Medical Offlcors of Health." — Public Health. 

“Anew edition of Mr. Wynter Blyth’s Standard work, icnkichrd with all the kecbnt 
nisoovERiEB AND IMPROVEMENTS, Will be accepted as a 'hoon."-~Chemical News. 


POISONS; 

THEIR EFFECTS AND DETECTION. 

Third Edition. In Large Svo, Cloth, with Tables and Illustration*. 

Price 21s. 

GENERAL CONTENTS. 

I . — Historical Introdu ction. II. — CTassifi cation — Statistics — Connecti on 
between Toxic Action and Chemical Composition — Life Tests— General 
Method of Procedure — The Spectroscope — Examination of Blood and Blood 
Stains. III. — Poisonous Gases. IV. — Acids and Alkalies. V. — More 
or less Volatile Poisonous Substances. VI. — Alkaloids and Poisonous 
Vegetable Principles. VII. — Poisons derived from Living or Dead Animal 
Substances. VIII. — The Oxalic Acid Group. TX. — Inorganic Poisons. 
Appendix : Treatment, by Antidotes or otherwise, of Cases of Poisoning. 

“Undoubtedly THE most complete work on Toxicology in our language. ”—T7ie Analyst (on 
the Third Edition). 

“As a PRACTICAL ODIDE, we know NO BETTER worlc.’— TTic Lanct’t (on the Third Edition). 

* 4 * In the Third Edition, Enlarged and partly Re-written, New Analytical Mbthods have 
been introduced, and the Cadaveric Alkaloids, or Ptomaines, bodies playing so great a T)art in 
Food-poisoning and in the Manifestations of Disease, have received special attention. 
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SBCONTD BDITJON, hi Active Preparation, 

F^HOTOGRAPHY: 

ns history, processes, apparatus, and materials. 

Working' Details of all the More 
Important Methods. 


A. BROTHERS, F.R.A.S. 

■A'/r// ^ ^\~CrM£KOVs PULL PAGE PLATES BY MANY OF THE PRO- 
CJB^TTSSS described. AND ILLUSTRATIONS IN THE TEXT. 

In Lar^e 8vo^ Handsome Cloth. 


general contents. 


Fart. I. — Introductory: His- 
torica,! Sketch; Chemistry and 
Optics of Photography; Arti- 
ficial Height. 

Part II. — Photographic Pro- 
cesses. 


Part III. — Apparatus. 

Part IV. — Materials. 

Part V. — Applications of Photo- 
graphy ; Practical Hints. 


Mr. Brotiaiers^ has had an experience in Photography so large and varied that any work 
l«yh*yn cs»,Mn.ot fail to be interesting and valuable. . . . A most comprkhkksive volume, 
••nterinjg: witli, full details into the various proce.sses, and very fully illustrated. The 
y H Af "Ttf A X. M I NTTS are of great vai.uk. . . . Admirablv got up.” —Brit. J^r. ofPhato^^a^ky. 

** For tUc illustrations alone, the book is most interesting; but, apart from these, the 
volutuc is vatlttable, brightly and pleasantly written, and most admirably arranged.’* — 
Hcivs. 

** CcrtAiiily the finest illustrated handbook to Photography which has ever been 
pnblisihod. Should be on the reference shelves of every Photographic Society.” — AmiK-teur 

** A hstndbook so far in advance of most others, that the Photographer must not fail 
to obtain a. copy as a reference work.” — Photographic Work. 

**Xho COaMtFLETEST HANDBOOK of the art which has yet been published.” — Scotcmjgm: 


The New Edition will include all the Newer Developments in 
I *lti Methods, together with Special Articles on Radiography (the 
X R:iys), OOLOiTR Photography, and many New Plates. 
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CM ARLES ORTFFIN d: GO.*S PUBLICATIONS. 


Secois'd Edition, Revised and Enlarged, with New Section 
0^1 Acetylene. 

GAS MANUFACTURE 

(THE CHEMISTRY OF). 

A Hand-Book on the Production, Purification, and Testing 
of Illuminating Gas, and the Assay of the Bye- 
Products of Gas Manufacture. For the 
Use of Students. 

BY 

W. J. ATKINSON BUTTERFIELD, M.A.. F.I.C.. F.C.S., 

Formerly Head Chemist, Gas Works, Beckton, London, E. 

With Numerous Illustrations. Handsome Cloth. 

^ “ The BEST WORK of its kind which we have ever had the pleasure of re- 
viewing .” — Journal of Gas Lighting. 

‘ ‘ Amongst works not written in German, WB recommend before all others, 
Butterfield’s Chemistry of Gas MANurACTURE.”~(7/iemt^er Zeitung. 


GENERAL CONTENTS. 

I. Raw Materials for Gas VI. Final Details of Manu- 
Mannfactnre. ! factnre. 

II. Coal Gas. ! VII. Gas Analysis. 

III. Carbnretted Water Gas. |VIII. Photometry. 

IV. Oil Gas. I IX. Applications of Gas. 

V. Enriching hy Light Oils. X. Bye-Prodncts. 

XI. Acetylene. 


This work deals primarily with the ordinary processes of Gas Manupaoturb 
empoyed in this country, and aims especially at indicating the •principles on which 
thev are based The more modem, but as yet subsidiary, processes are fully treated also. 

the Chapters on Gas Analysis and Photometry will enable the consumer to 
grasp the methods by which the quality of the gas he uses is ascertained, and in the 
Chapter on The Applications of Gas, not only is it discussed as an illurainant, but 
also as a ready source of heat and power. 

The Incandescent Gas Light is dealt with in an exhaustive manner, and the 
latest theories of its physical basis, as well as the practical developments of lighting 
by Incandescence, are thoroughly discussed. 

In Chapter X. an attempt has been made to trace in a readily-intelligible manner 
the extraction of the principal derivatives from the crude Bye-products.^ 

The work deals incidentally with the most modem features of the industry, in- 
cluding inter alia the commercial production and uses of Acetylene, to which a 
special Chapter is devoted in the new Edition, and the application of compressed gas 
for Street Traction. The needs of the Students in Technical Colleges and Classes have 
throughout been kept in view. 
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CASTELL-EVANS (Prof. J., F.I.C., F.C.S., 

Finsbury Technical College) : 

TABLES and' DATA for the use of ANALYSTS, CHEMICAL 
MANUFACTURERS, and SCIENTIFIC CHEMISTS. In Large 
8vo. Strongly Bound. \Shortly. 

*** This important Work will comprehend as far as possible all rux-es and tables 
retiuired by the Analyst, Brewer, Distiller, Acid- and Alkali-Manufacturea:, &c.. &c. ; ^d 
also the principal data m Thermo-Chhmistry, Electro-Chemistry, and the various 
branches of Chemical Physics which are constantly required by the Student and Worker in 
Original Research. 

Every possible care has been taken to ensure perfect accuracy, and to include the results 
of the most recent investigations. 


ELBORNE (Wm., B.A., F.L.S., F.C.S.) ; 

I'RACTICAL PHARMACY. (See p. Io6 Geiteral Catalogue)- 


GRIFFIN (John Joseph, F.C.S.) : 

CHEMICAL RECREATIONS: A Popular Manual of Experimental 
Chemistry. With 54XJ Engravings of Apparatus. Tenth jSditian. Crown 
8vo. Cloth. Complete in one volume, Parts I. and II. Cloth, gilt 
top, 12/6. 

Part II.— The Chemistry of the Non-MetalUc Elements, io/6. 


MUNRO (J. M. H., D.Sc., Professor of Chemistry, 

Downton College of Agriculture); 

agricultural CHEMISTRY AND ANALY^SIS : A Prac- 
TICAJ. Hand-Book for the Use of Agricultural Students. {Griffin's 

Technoli\i^cal Mamials. ) 


RICHMOND (H. Droop, F.C.S., Chemist to the 

Aylesbury Dairy Company) : 

dairy chemistry for dairy MANAGERS, CHEMISTS, 

and ANALYSTS: A Practical Handbook. (Griffin-‘s Technological 

Manuals. ) 
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Painters’ 

Colours, Oils, & Varnishes: 

A PRACTICAL IMAlSrUAlj. 

By GEORGE H. HURST, F.C.S,, 

Member of the Society of Chemical Industry ; Lecturer on the Technology of Painter*' 
Colours, Oils, and Varnishes, the Municipal Technical School, Manchester. 

Second Edition, Revised and Enlarged. With Illustrations. 12s. 6d. 


General Contents. — Introductory — The Composition, Manufacture, 
Assay, and Analysis of Pigments, White, Red, Yellow and Orange, Green, 
Blue, Brown, and Black — Lakes — Colour and Paint Machinery— Paint Vehicles 
(Oils, Turpentine, &c., &c.) — Driers — Varnishes. 

‘‘This useful book will prove most valuable .” — CheniicaL News . 

“ A practical manual in every respect . . . exceedingly instructive. The 

section on Varnishes the most reasonable we have met with .” — Chemist and Druj^gist. 

" Very valuable information is given.” — Plumber and Decorator. 

'* A THOROUGHLY PRACTICAL book, . . . the ONLY English work that satislactorily’ 

treats of the manufacture of oils, colours, and pigments.”— Trades' Journal. 

** Throughout the work are scattered hints which are invaluable." — Invention. 


For Mr. Hurst’s Garment Dyeing and Cleaning, see p. 83. 


In Crown 8vo, Extra. With Illustrations. 8s. 6d. 

CALCAREOUS CEMENTS: 

THEtH hatuhe, preparation, and uses. 

BY 

GILBERT R. REDGRAVE, Assoc. Inst. C.E. 

General Contents. — Introduction — Historical Review of the Cement 
Industry — The Early Days of Portland Cement — Composition of Portland 
Cement —Processes of Manufacture — The Washmill and the Backs— 
Flue and Chamber Drying Processes — Calcination of the Cement Mixture — 
Grinding of the Cement — Composition of Mortar and Concrete — Cement 
Testing — Chemical Analysis of Portland Cement, Lime, and Raw- 
Materials — Employment of Slags for Cement Making — Scott’s Cement, 
Selenitic Cement, and Cements produced from Sewage Sludge and the 
Refuse from Alkali Works — Plaster Cements — Specifications for Portland 
Cement — Appendices (Gases Evolved from Cement Works, Effects of Sea- 
water on Cement, Cost of Cement Manufacture, &c., &c.) 

a work calculated to he of great and extended xiTihinx."— Chemical News. 

“ Invaluable to the Studenr, Architect, and Engineer.” - Bail diner News. 

A work of the greatest interest and usefulness, which appears at a very critical 
period of the Cement Trade,” — Brit. Trade Journal. 

“ Will be useful to ALL interested in. the mtanufacturb, use, and testing of Cements.”— 
Engineer. 
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OHEMISTJtr AND TECHNOLOGY. 


Painting and Decorating: 

A Goniplete Practical Manuual for Bouse 
Paijhtcrs ajvd Decorators. 

Embracing tlie Use of Materials, Tools, and Appliances ; tlie 
Practical Processes involved ; and tlie G-eneral Principles 
of Decoration, Colour, and Ornament. 

BY 

WALTER JOHN PEARCE, 

LLCrUKKit At TUK MARCH I28TER TECHNICAL SCHOOL FOR HOUSK-PAINTING AND DECORATING. 

lu C^rowu 8vo. extra. With Numerous Illustrations and Plates 
(sonic in Colours), including Original Designs. 12s. 6d. 


GENERAL CONTENTS. 

Introductioii-^-'W^orkshop and Stores — Plant and Appliances — [Brushes and 
Took— Materials : Pigments, Driers, Painters’ Oils— WaU Hangings— Paper 

ilaiiKing ([olonr Mixing — Distempering — Plain Painting — Staining — Varnish 

'Imitative Painting — Graining— Marbling— Gilding— Sign - 
Writing aiKl Lettering — Decoration : General Principles — Decoration in Dis- 
temper Painted Decoration — Relievo Decoration — Colour — Measuring and. 
Estimating -( >oach-Painting— Ship-Painting. 


THOROUOIILY USEFUL BOOK . . . gives GOOD, SOUND, PRACTICAJL 

INFoltMA'iTON in a olear and concise form. . . . Can be confidently 

reoomiuonded alike to Student and Workman, as well as to those carrying on 
buHineHH an lIouHe- li’amters and Decorators.” — Plumhe)' and Decorator. 

“A TUORoUlJiniV GOOD AND RELIABLE TEXT-BOOK. . . . So FULL and 

OOMl’i.E'i'K that it would be difficult to imagine how anything further could be 
added about the I^ainter’a craft.” — Bidldei's' Journal. 


Me. Pearok’s work is the outcome of many years’ practical ex- 
perience, and will be found invaluable by all interested in the aubjecta 
of which it treats. It forms the Com panion- Volume to Mr. Geo. Hurst’s 
welLknown work on “ Painters’ Colours” (see p. 76). 
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hi Hvii. lliiiitlHonii' tlliitli. I’riof 'il». 

BREWING; 

THE PRINCIPLES AND PRACTICE OF. 

FOR THE USE OF STUDENTS AND PRACTICAL MEN. 

nv 

WAl/rKR . 1 . SVKRS, M.U.. VAM, 

u>- " 

With ami UluHtratinUH, 

'* A \i»Uuu«’ t>f UmvlHiT Niii'un*, whirl! hill hmn ht'ru nWfitthit . . . \Vt» U 

nt THK MOHT t'UMt'I.r.TK Itl foNl KM'.H iUnl NuVKh I N A tluU lm» yH hwn jmhllih»i4, 

. . Will riiinMHUiU !i iitrK*' Hi»h* ■ riif iirt Ui t'H ./tiunml, 

*'Tlui of u work niirh iin iliii* Mi'rvi’n to K»tnju4 uh of Iho 

MtVh'svH'i UHuh* tu our knowh'ilMH of flu* HfU'iifillr I’ruuMiili'** iimlorlyitm tho HrvwiiHf l'im‘iiw*i 
, . . Uv. Hvkni* work will uuilmihftMily t»o of iho uhbatki^t tint nirr»'‘y to Urowotn, 

hut to alM'lH'«ui«h*juitl liloIi*Ki«lH fnfcivHtiMl UifJio iirofih’mM wltloU tho KmiuinUliou irnUmrWi 
jiri'Hinit. ' /Vir’ Auttly»( 

**Tho jitUilh’ulhm of Dit Hvkk i' mahthui.'it thkatihu on Uin art of Itrp'Wiuif Ih ati pvoufc 
III tho JlJ’i'Wifjg Woi’hl, . . Ih'norvi'H our wtiriuoMl i»miso. . , . A hofftu' gtifthi Urntt l>r. 
Hykni luuihl Uiivilly ho fimnd." ('oiiiifi/ o'o.iffr. 

m*iNIIllAXu OOKTENTS. 

I. Physical PHncmles involved in Browing’ Oporntkms: lloittj Tins Thw 
lumnotor 'spooulo HotU hiitoiit U«Mt Kviiiionilloii Ponulty ftinl Siiortfh' tiniviiy Hyitro- 
luotofo, (’.hemlstry, with .spoclul roforonco to the mntorliUs used In Brewliig. 
n. The Microscope: tiniomi l>o(o-iii»ihtu i>i ihr Moio rojiunl '’‘liuiiiiuhiuou 
MMUimuitlou of Yfjist HmadiiK Prup MotliOii Kx,iUjthmni»n of Uufloiui Mumm iropti’id 
Proptn'rttiiMin Itnotof ioloKloiil Mof lnHln'«-nuoti'iiuloglfnl KMiuilioUioii «'l U iifi f Ihuim n’H 

Mtsttuisl WloUmium’n MoUimU hrtotyrloUmhMil K'uoniuiittim of Air Vegetable Biology; 
the Golh OhuhoOh ■rite Vi'notH Tho Myoottonir* Tho 'rtft'oho. *Vi* I ho ll u toriii . 

Pin nientnliou oimI Putrofnoltim Uuetorluai tonuo Bulyrlo Aohl Hiutorirt, Ao llio MtaiUl 
KuokI Maour jiiufotla, Ae Slmplti MulUooUulrtr thKitatmun PoiihiHuun uhimuni, »%t! >» 
Mmilil KuukI lhuia*a'tniH iin Itiowhuf Prouilinsfi Thi' llljjihor iMfliiin ‘ ionjiitintinu i»f |f»uloy-« 
5tnu*tuve ut Ihu'loyom'u Fermentation: Anrl'nit Viuwa nf no Thu riijwiuhiijirAj 
'rii«'»My t itf Sptintiuu'ouN Kvoluflmi .Si«n’iH**niluu at Oi'KWOh* t’Mnijhiplhjn 

niiamtiwf Mi«*io (imnnhumi t>lHUllmfh>« of AUnoMplunh’ flrnnii' Invtsajjltttlotw 

outlaw Ah’ «if PnntiMir'n Kxin'rliiunun nnd Tlunuy othuf I'hnu In? »•{ I I'nuriitwitlua 

— lavt’tiUK'nluim of lliuiMm Porn Cohurn'? lioin n Stiim'lnPnJl SnUtMlurilon lO Piim Ywisi, 
Cuhuri'H hUo tUo Itrrwory thuiMni’M uiul oihnr Porn Vneo fhtlUvrttloo Ai»imu»tow AdYttO 
tmpo? lit IIrtitHno‘H Povo Sim-.b’ tVll Ymist hiffniorn'mi in pin Aiilon of lh«^ vnionn Vninfs 
III. Water; ninnirnnim nmt (hmijioMlIloii of |{n»iulin of Aunly^ih. of IlnidanBw 
WlAUMn Hoifjililo for fbo Piodwnttou of l>ltT«M<nit t‘hi«»'ini of A Jo Antflrhd rmafuitnil of 
Wntoffi Kftliilf lofluoann of IfoilinK {irKoolc Goio?fhotloii KfTnrt of Flltr«floo Moilial^ 

of Wftti’r Atmiyoln MU‘riim‘o|»h> F.xnmUmtioo of Woinr Hiotnoont'j Barley iitid mallini: : 
Burloy Chotro of Vifallfy A^o Miilthiji Slofijtlor^* ,S{tw|i«\VBior > enmlOfiflon of Btttioy 
PloorhiK’ Nprioklha* wuloniim runoniiith* MbIuok finlhoot «> .•‘ivi^fmo s»»{rt*llo'a 
Ufinoiingrt in-vlmt lUlti GlirtOKon KfTnftoil In Pryiua Hforwa*’ Plonihnd K\«iiii««fion 
Of Barlisy MaU'.Muhwftfmnw QimUfy of Midf Ghnuili'ftl KHftiolnftihm «»f M»U Bnsifv fortiiml 

SuiiKrn M»itot Brewery Plant: niBvltiUtou Hmwory thOii wml Iho hupior 

MUl !iU’4i ‘t'uo. Av Gopporo GoolrtH itnii iMurnloi « Pullniioi? «o.l InomOflOfi 
VttOftoltt Bill too 1 Ohm SyMroi AftiMiipi'iiilorw Psirnrliotiw lUrkOitt Sipouni \ ata *014 
CHwk« Brewing: Kofliioifioo of gurtotirh'M for flm umw Amount of l,uju»»s Hnpiirml 
ItHnloiilOM MufoiinH Mmdiliia Uio’ of Holmfihurv AjtpftiBfu» Bfmk 110011 
BolHog Arlimi of H..p neiom ItiuBrii (‘ooUott Ih fraoo'ftfltm follm’Uoo of Wort 
TIuhlmt-FwiimiifrtUoij A<hBtl»m or Vnu«it rinumo of VoRnt Fnriomffulloo ■|nw{»rr«fttf«!'s 
lirmMitifi" ■ AplH’to'ntien of Itomta <Jh’ao«h»g Hyi>foio .Htoon Ht|U»fo ,Hy*itnm SnUliog uiul 
EAt’klnH'- Pry ItoppUun- .Soromlftry Foimontwtloo Priimhig Anitteopit**’ llntita iioilkd 
Aim and BotfUog. Beef and kn IBseitses: Mavoor u«a Afmrm Pomiitioti ivibi« 
¥\\\mm B»d- Brl^htimaa TiirhiiUfy Bopmoan HihUo^mpi'y A|»pendic«H ; 

Wojjijht wml Holultoii Farfor Tfpodfir liotatory Pownr Tim l,»»w of ItnfloHo Bnlmiltm 
Akeholk’' FnriamiUtion without YoaatA'elli Formnoirttioii in n Vmnimn Index. 
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I. now Ready. Complete in Itself. Price 15s. 


In Large 8vo. Handsome Cloth. With numerous Illustrations. 

TECHNICAL MYCOLOGY: 

THE UTILIZATION OF MICRO-ORGANISMS IN THE 
ARTS AND MANUFACTURES. 

A Practical Handbook on Fermentation and Fermentative Pro- 
cesses fop the Use of Brewers and Distillers, Analysts, 
Technical and Agricultural Chemists, and all 
interested in the Industries dependent 
on Fermentation. 

By Dr. FRAISFZ LAFAR, 

HruIoBaor of Fenncntatioii-riiysiology and Bacteriology in the Technical 
High School, Vienna. 

With an Introduction by Dr. EMIL GHR. HANSEN, Principal of the 
Carlsberg Laboratory, Copenhagen. 

Translated by CHARLES T. C. SALTER. 

In Two Volumes j sold Separately. 

“ An i4XCiau>iN(U.y iiaBFun work, which deals in a thoroughly scientific spirit with 
1 1 i ■« N » AtJTicRioi.oor. ” -- Nature. 

'• Wc MO«T oOttuiALLY recoinmend Dr. Lafar’s work to ® f fail 

^S§’r ?e”dery of tie whM 

It* eonv«y Hinti'. ittFORMAHON to the reader, -'the Lancet. 

Pfmrmamutical Journal. ^ 

TC; 

VolumoB of the English version will be issued during 189S. 


LONDON 


CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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WORKS BY DE. ALBEB WEI&HT, F.R.S. 

Fixed Oils, Fats, Butter 
and Waxes: 

THEIR PREPARATION AND PROPERTIES, 

AND THE 

MANUFACTURE THEREFROM OF CANDLE 
SOAPS, AND OTHER PRODUCTS. 

BY 

C. R. ALDER WRIGHT, D.Sc., F.R.‘ 

Late Lecturer on Chemistry, St. Mary's Hospital Medical School; Examiner in “S 
to the City and Guilds of London Institute. 

In Large 8vo. Handsome Cloth. With 144 Illustrations. 28s. 

“ Dr. Wright’s work will he found absolutely indispensable by every Cl 
Teems with information valuable alike to the Analyst and the Technical Chen 
The Analyst. 

“Will rank as the Standard English Authority on Oils and Fats for 
years to come ." — Industries and Iren. 

For other Works on Oils, consult Redwood on Petroleum (j 
and Hurst on Painters’ Colours, Oils, and Varnishes (p. 76). 


Seoowd Emxiojr. With very Numerous ID ustrations. Handsome Clot 
Also Presentation Edition, Gilt and Gilt Edges, 7s. 6d. 

THE THRESHOLD OF SCIENC 

Simple and Amusing: Experiments (over 400) in 
Chemistry and Physics. 

By 0. R. ALDER WRIGHT, D.Sc., P. R. S., 

Late Lecturer on ChemiKtry, St. Mary’s Hospital Medical School. 


^ “ Any one who may stiU have doubts regarding the value of Elena 
Science as an organ of education will speedily have his doubts dispellec 
takes the trouble to understand the methods recommended by Dr. 
Wright. 

“ Step by step the learner is here gently guided through the paths of S 
made easy by the perfect knowledge of the teacher, and made flowery 
most striking and curious experiments. Well adapted to become the TREi 
FELENi) of many a bright and promising lad.” — MmchpAtter Examiner. 
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§10. THE TEXTILE INDUSTRIES. 


Tlie MOST VALUABLE and tifcEFUL WORK, on DTeing that has yei appeared in ihe 

L&ngn&ge . . . Hkely to be the Sta>-i>aei> Work of Befekei^ce for years .0 come. 

Mercury. 



In Two Large 8vo Volumes, 920 
pp., with a SUPPLEMENTARY 
Volume, containing Specimens 
of Dyed Fabrics. 45s. 


MANUAL OF DYEING: 

FOR THE USE OF PRACTICAL DYERS, MANUFACTURERS, STUDENTS, 
AND ALL INTERESTED IN THE ART OF DYEING. 

BY 

F KNECHT Pli D * F.LC., CHR. RAWSON, F.LC., F.C.S 


BLoEkd of the Chemistry and Dyeing department of 
th.B Technical School, Manchester; J^tor of The 
Journal of the Society of Dyers and Colonnat* ; 


Late Head of the Ctoistry 

of the Tecanioai Coilege. Bradfoiu 

Coancdl of die Society of Dyers and Co.onm.ts, 


01 uyera > 

And RICHARD LOEWENTHAL, Ph.D. 

Geheral Contents.— C hemical TectaoloCT oi ^ 

Water-Washing and Bleaching - Acids. 

Colouring Matters -Artificial Organic CobnnngMatmra ^er^ 
-Machinery used ia Dy eing-Xinctonal Pro^rfies of Col ounng Matters 

Analysis and Valuation of Materials used in Dyemg, Ac., . 

«ru. woTtBr will be widely appreeiBted."— 

“ This MOST VALUABLE wokk: • • • the MOST COMPLETE we have yet 

“This authoritative and exhaustive work . • - the most co 

on the subject.”— Manufacturer. subfect eitanP”- r«xiilF Recorder- . 

“ The MOST exhaustive and complete w those da3y engaged in the dyo- 

The distinguished authors have value usi>oubtkd ctiejtt . - ; apfmais 

tionse or laboratory dyer, and more imnicuiaxly ^ 4 ?^“ 

2?ih«|r\VenUenrLT^^ 

Record. 


losdgn 


EXETE* 8 T«EEI, ST«»HO. 


OHASLBS QRIFFIN it CO.’S PUSLIOATIONS. 


Gompanion-Volume to MM. Kneoht and Rawson’s “Di/eing." 

TEXTILE PRINTING: 

A PBACTICAIi MAlTXrAL. 

Including the Processes Used in the Printing of 
COTTON, WOOLLEN, SILE, and HALF- 
SILK FABEIGS. 

BY 

c. F. SEYMOUR ROTHWELL, F.C.S., 

Mem. 3oc. of Uhemical Industries; late Lecturer ai the Municipml Technical School^ 
Manchester. 

In Larg€ Svo, with Illustrations and Printed Patterns. Price 21s. 


aElSTEBAL. CONTENTS. 


Introduction. 

The Machinery Used in Textile 
Printing. 

Thickeners and Mordants. 

The Printing of Cotton Groods. 

The Steam Style. 

Colours Produced Directly on the 
Fibre. 

Dyed Styles. 


Padding Style. 

Desist and Discharge Styles. 
The Printing of Compound 
Oolcnrings, &c. 

The Printing of Woollen Goods. 
The Printing of Silk Goods. 
Practical Eecipes for Printing. 
Appendix. 

Useful Tables. 


“ Bt par the best and aiosT practicai, book on textile pbii^ting which has yet been 
brought ont, and will long remain the standard work on the subject It is easentiauy 
practical in character."— 7’«rj:/t7€ Mercury. 

“ The most practical maxuax of textile peestikg which has yet appeared. We have 
no hesitation in recommending it .” — The Textile Manufacturer. 

“ IFijmouBTEDLY Mr. Botbtwell's book is THE BEST wMch has appeared on textile 
PKiNTOiG, and worthily forms a Companion-Volume to ‘ A Manual on Dyeing.’ "—The Dyer 
and Calico Printer. 
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Large Svo. Handsome Cloth. 12s. 6d. 

BLEACHING & CALICO-PRINTING. 

A StLort Manual for Students and 
Practical Men. 

By GEORGE DUERE, 

Director of" the Bleaching, Dyeing, and Printing Department at the Accrington and Bacuo 
Technical Schools ; Chemist and Colourist at the Irwell Print Works. ^ 

Assisted by WILLIAM TURNBULL 

(of Turnbull & Stockdale, Limited). 

With Illiistratioiis and upwards of One Hundred Dyed and Printed Patterns 
designed specially to show various Stages of the Processes described. 

GENERAL CONTENTS. —Cotton, Composition of; Bleaching, New 
I^rocesses ; Printing, Hand-Block ; Flat-Press Work ; Machine Printin*^— 
Mordantk -Styles op Calico-Phinting : The Dyed or Madder Style, Resist 
l^added i^tyle, Discharge and Extract Style, Chromed or Raised Colours, 
InsoluVile Coloui\s, &c. — Thickeners — Natural Organic Colouring Matters 
— Tannin Matters — Oils, Soaps, Solvents— Organic Acids— Salts — Mineral 
Colours — Coal Tar Colours— Dyeing— Water, Softening of— Theory of Colours 
—Weights and Measures, &c. 

'* When a rbady way out of a difficulty is wanted, it is in books like this that it is found..”— 
Textile Jtecorder. 

“Mr. Duicrh's work will be found most irsEPuri. . . . The information given of oebat 

▼AiiUK. . . . The lleciposTHOiiODaHLT PRACTICAL. ’’—TeojtiZtf Afanw/acmrer. 


GARMENT 

DYEING AND CLEANING. 

A Practical Book for Practical Men. 

By GEORGE H. HURST, F.C.S., 

Member of the Society of Chemical Industry. 

Willi Numerous Illustrations. 4s. 6d. 

Gknkhal Contents. — Technology of the Textile Fibres — Garment Cleaning 
— I'lyeing of Textile Fabrics — Bleaching — Finishing of Dyed and Cleaned Fabrics — 
Scouring and Eyeing of Skin Rugs and Mats— Cleaning and Dyeing of Feathers— 
Glove Cleaning and Dyeing— Straw Bleaching and Dyeing— Glossary of Drugs 
and Chemicals — Useful Tables. 

“ An ui>-TO-i>ATK hand book has long been wanted, and Mr. Hurst has done nothing 
moire complete than. this. An imoortant work, the more so that several of the branches of 
the craft here treated upon are alnxo.st entirely without English Manuals for the guidance 
of workers. The price brings it v/ithin the reach of all .” — Dyer and Cal^o- PntUer. 

** Mr. Hurat'-s woric dkcideijlv fii.ls a v;ant . ought to be in the hands of 
KVERY GARMENT DYKK and clcancr in th e Kingdom ” — Textile Mercury. 

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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Fifteenth Annual Issue. Handsome cloth, 7s. 6d. 

THE OFFICIAL YEAR-BOOK 


OF THE 


SCIENTIFIC AND LEARNED SOCIETIES OF GREAT BRITAIN 
AND IRELAND. 


COMPILED FEOM OFFICIAL SOURCES. 


Comprising {together with other Official Information) LISTS of the 
PAPERS read during 1897 before all the LEADING SOCIETIES throughout 
the Kingdom engaged in the following Departments of Research 


$ X. 


§ a. 
§ 3 . 
l4- 

55. 


Science Generally : Societies occupy- 

ing themselves with several Branches of 
Science, or with Science and literature 
jointly. 

Mathematics and Physics. 

Chemistry and Photography.^ 

Geology, Geography, and Mineralogy. 

Biology, including Microscopy and An- 
thropology. 


§ 6. Economic Science and Statistics. 

§ 7. Mechanical Science, Engineering, and 
Architecture 

§ 8. Naval and Military Science. 

§ 9. Agriculture and Horticulture, 
i 10. Law. 

§ II. Literature. 

§ 12. Psychology. 

1 13. Archaeology. 


$ 14. Medicine. 


‘‘‘The Year-Book of Societies^ fills a very real want.” — 
■Engineering. 

“ Indispensable to any one who may wish to keep himself 
abreast of the scientific work of the day.” — Edinbu 7 gh Medical 
/ournal. 

“ The Year-Book of Societies is a Record which ought to be of the greatest luse for 
•the progre.ss of Science .” — Lord PUty/air^ F.R.S.,, JC.C.B.y M.P., Past-President of the 
British AssocuiixoK. 

“It goes almost without saying that a Handbook of this subject will be in time 
one of the most generally useful works for the librar y or the desk .” — The Times. 

“ British Societies are now well repreaenten In the ‘ Year-Book of the Scientific and 
Learned Societies pf Great Britain and Ireland.’” — (Art. “Societies” in New Edition of 
“ Encyclopaedia Britannica,” vol. xxii.) 


Copies of the First Issue, giving an Account of the History, 
Organization, and Conditions of Membership of the various 
Societies, and forming the groundwork of the Series, may still be 
had, price 7/6. Also Copies of the following Issues. 

The YEAR-BOOK OF SOCIETIES forms a complete index to 
THE SCIENTIFIC WORK of the year in the various Departments. 
It is used as a ready Handbook in all our great Scientific 
Centres, Museums, and Libraries throughout the Kingdom, 
and has become an indispensable book of reference to every 
one engaged in Scientific Work. 
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Fourth Edition, Revised. With Additional Illustrations. Price 6s. 

PRACTICAL SANITATION: 

A HAND-BOOK FOR SANITARY INSPECTORS AND OTHERS 
INTERESTED IN SANITATION. 

By GEORGE REID, M.D., D.P.H., 

Fellow^ Mevi. Council, and Examiner, Saniiarv Institute of Great Britain, 
and Medical Officer to the Staffordshire County Council. 

inaftb an appcnOij on Santtars Xaw. 

By HERBERT MANLEY, M.A., M.B., D.P.H., 

Medical Officer of Health for the County Borough of West Bromuoich. 

General Contents. — Introduction — Water Supply: Drinking Water, 
Pollution of Water — V entilation and Warming — Principles of Sewage 
Removal — Details of Drainage; Refuse Removal and Disposal — Sanitary 
and Insanitary Work and Appliances — Details of Plumbers’ Work — House 
Construction — Infection and Disinfection — Food, Inspection of ; Charac- 
teristics of Good Meat ; Meat, Milk, Fish, &c., unfit for Human Food — 
Appendix : Sanitary Law ; Model Bye-Laws, &c. 

“ A VERY USEFUL HANDBOOK, with a very useful Appendix. We recommend 
it not only to Sanitary Inspectors, but to Householders and all interested 
in Sanitary matters." — Sanitary Record. 


Third Edition, Revised. Large Crown 8t;o. Handsome Cloth. 45. 

A MANUAL OF AMBULANCE. 

By J. SOOTT RIDDELL. C.M., M.B., M.A., 

Senior Asat.-Sargeon, Aterdaen Royal Infirmary : Lecturer and Examiner to the Aberdeen 
Ambulance Associ.ition ; Examiner to the St. Andrew’s Ambulance Association, 
Grlasgow, and the St. John Ambulance Association, London. 

With Numerous Illustrations and Full Page Plates. 


General Contents, — Outline.^ of Human Anatomy and Physiology — 
The Triangular Bandage and its Uses — The Roller Bandage and its Uses 
— Fractures — Dislocations and Sprains — Hsemorrhage — Wounds — Insensi- 
bility and Fits — Asphyxia and Drowning— Sufiocation — Poisoning — Bums, 
Frost-bite, and Sunstroke — Removal of Foreign Bodies from (a) The Eye ; 
(b) The Ear; (c) The Nose; {d) The Throat; (e) The Tissues — Ambulance 
Transport and Stretcher Drill — The After-treatment of Ambulance Patients 
— Organisation and Management of Ambulance Classes— Appendix : Ex- 
amination Papers on First Aid. 

“A CAPITAL BOOK. . . . The directions are short and clear, and testify to the 

hand of an able surgeon,” — Edin. J/crf. Journal. 
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Illustrated by Drawings from Nature by S. Rosamond Praeger^ 
and Photographs by R. Welch, 

Handsome Cloth, 7s. 6d. Gilt, for Prescnitation, Hs. 6(1. 
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—By the River — Along the Shingle — A Pragrant Hedgerow A 
Bog — Where the Samphire grow.s — A Flowery Meadow— Atnong tlu^ Corn 
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Glossary. 

“A piiESH AND STIMULATING book . . . should take a high plnoe , . . Th« 

Illustrations are drawn with nuicli skill.”™'/ Ac 

“ Beautifully illustratki). . . . One of the most auciiuatk as w®U aa 
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An Introduction to Geology Out-of-doors. 

BY 
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With 12 Full-Page Illustrations from Photographs. Cloth. Ss. Btl. 
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—A Granite Highland — The Annals of the Earth —The Surrey llilli -Thi 
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“The FASCINATING ‘ Opkn-Air Studikb' of PuoF. OoLK giv© thft MUhjlHlt ft lium 
ANIMATION . . . cannot fall to arouHo keen imoreHt in geology.”- 

“Eminently RKADAnut . . . every mnall detail in a ecene toueljed with ^ mta- 
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